TOSHIBA 


TLCS-900 Series 


CMOS 16-bit Microcontroller 
TMP96C141 AF 


1. Outline and Device Characteristics 


The TMP96C141AF is high-speed advanced 16-bit microcon- 
troller developed for controlling medium to large-scale equip- 
ment. 

The TMP96C141AF is housed in an 80-pin flat package. 
Device characteristics are as follows: 


(1) Original 16-bit CPU 
e TLCS-90 instruction mnemonic upward compatible. 
e 16M-byte linear address space 
¢ General-purpose registers and register bank system 
¢ 16-bit multiplication/division and bit transfer/arithmetic 
instructions 
e High-speed micro DMA 
- 4channels (1.6us/2 bytes @ 20MHz) 
(2) Minimum instruction execution time 
- 200ns @ 20MHz 
(8) Internal RAM: 1K byte 


The information contained here is subject to change without notice. 


TMP96C141AF 


Internal ROM: None 
(4) External memory expansion 
e Can be expanded up to 16M bytes (for both programs and 
data). 
e Can mix 8- and 16-bit external data buses. 
--Dynamic data bus sizing 
8-bit timers: 2 channels 
8-bit PWM timers: 2 channels 
16-bit timers: 2 channels 
Pattern generators: 4 bits, 2 channels 
Serial interface: 2 channels 
) 10-bit A/D converter: 4 channels 
) Watchdog timer 
) Chip select/wait controller: 3 blocks 
3) Interrupt functions 
e 3 CPU interrupts": -- SWI instruction, privileged violation, 
and Illegal instruction 
e 14 internal interrupts — 
¢ 6 external interrupts — 
(14) I/O ports 
(15) Standby function : 
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7-level priority can be set. 


3 halt modes (RUN, IDLE, STOP) 


The information contained herein is presented only as guide for the applications of our products. No responsibility is assumed by TOSHIBA for any infringements of patents or other rights of the third parties 
which may result from its use. No license is granted by implication or otherwise under any patent or patent rights of TOSHIBA or others. These TOSHIBA products are intended for usage in general electronic 
equipments (office equipment, communication equipment, measuring equipment, domestic electrification, etc.) Please make sure that you consult with us before you use these TOSHIBA products in equip- 
ments which require high quality and/or reliability, and in equipments which could have major impact to the welfare of human life (atomic energy control, spaceship, traffic signal, combustion control, all types 
of safety devices, etc.). TOSHIBA cannot accept liability to any damage which may occur in case these TOSHIBA products were used in the mentioned equipments without prior consultation with TOSHIBA. 
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Figure 1. TMP96C141AF Block Diagram 
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2. Pin Assignment and Functions 2.1 Pin Assignment 
The assignment of input/output pins for TMP96C1 41 AF, their Figure 2.1 shows pin assignment of TMP96C 141 AF. 


name and outline functions are described below. 


(ANO)P50 73 72 
(AN1)P51 74 71 
(AN2)P52 75 70 
(AN3)P53 76 69 
VCC 77 68 
VREF 78 67 
AGND 79 66 
vss 80 65 

a 0 ee ee 
(PGOO)P60 1—{| [} 64 
(PGo1)P61 2-{| @ [+63 
(PGO2)P62. 3—{] [62 
(PGO3)P63 4—{]| [+61 
(PG10)P64 5—{] |} 60 
(PG11)P65 6—{ | [+59 
(PG12)P66 7—{| [ }+58 
(PG13)P67. 8—{| 57 
(T1I0)P70 9—{] 56 
(TO1)P71 10—-{] 55 
(TO2)P72 11—-{] 54 
(TO3)P73 12—-{] Top View 53 
(INT4/T14)P80 13—{ | QFP80 52 
(INT5/TI5)P81 14—{] 51 
(TO4)P82 15—{] [}+50 
(TO5)P83 16—-{] oc) 
(INT6/TI6)P84 17—{] 48 
(INT7/TI7)P85 18—{] 47 
(TO6)P86 19—{] 46 
(INTO)P87 20—{] 45 
NMI 21-{] 44 
WDTOUT 22-{] 43 
RESET 23—{ | 42 
CLK 24-1} 41 

CILICICLILICICILICLILILILILICLICIT 
VSS 25 40 
X1 26 39 
X2 27 38 
EA 28 37 
(TXDO)P90 29 36 
(RXDO)P91 30 35 
(CTSO)P92 31 34 
(TXD1)P93 32 33 


Note : Because the TMP96C141AF has an external ROM, P00 to P17 pins are fixed to ADO 


to AD15; P30 to RD; and P31 to WR. 


Figure 2.1 Pin Assignment (80-pin QFP) 


P42(CS2/CAS2) 


P41(CS1/CAS1) 


P40(CS0/CASO) 
P37(RAS) 
P36(R/W) _ 
P35(BUSAK) 
P34(BUSRQ) 
P33(WAIT) 


P32(HWR) 
P31(WR) 
P30(RD) 
P27(A7/A23) 
P26(A6/A22) 
P25(A5/A21) 
P24(A4/A20) 
P23(A3/A19) 
P22(A2/A18) 
P21(A1/A17) 
P20(A0/A 16) 
VSS 
P17(AD15/A15) 
P16(AD14/A14) 
P15(AD13/A13) 
P14(AD12/A12) 
P13(AD11/A11) 
P12(AD10/A10) 
P11(AD9/A9) 
P10(AD8/A8) 
P07(AD7) 
P06(AD6) 
PO5(AD5) 
P04(AD4) 


P03(AD3) 
P02(AD2) 
P01(AD1) 
POO(ADO) 
Vcc 

ALE 
P95(SCLK1) 
P94(RXD1) 
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2.2 Pin Names and Functions 


+ 


The names of input/output pins and their functions are described below. 
Table 2.2. Pin Names and Functions 
Pin Name puma 1/0 Functions 
of Pins 

P00 ~ PO? 8 /0 Port 0: 1/0 port that allows 1/0 to be selected on a bit basis 

ADO ~ AD7 Tri-state Address / data (lower): 0 - 7 for address / data bus 

P10 ~ P17 /0 Port 1: 1/0 port that allows 1/0 to be selected on a bit basis 

AD8 ~ AD15 8 Tri-state Address data (upper): 8 - 15 for address / data bus 

A8 ~A15 Outpu Address: 8 to 15 for address bus 

P20 ~ P27 /0 Port 2: I/0 port that allows selection of I/O on a bit basis (with pull-down resistor) 

AO ~ A7 8 Outpu Address: 0 - 7 for address bus 

A16 ~ A23 Outpu Address: 16 - 23 for address bus 

P30 Outpu Port 30: Output port 

RD Outpu Read: Strobe signal for reading external memory 

P31 Outpu Port 31: Output port 

WR Outpu Write: Strobe signal for writing data on pins ADO -7 

P32_ F /0 Port 32: 1/0 port (with pull-up resistor) 

HWR Outpu High write: Strobe signal for writing data on pins AD8 - 15 

P33 _ /0 Port 33: 1/0 port (with pull-up resistor) 

WAIT Input Wait: Pin used to request CPU bus wait 

P34 /0 Port 34: 1/0 port (with pull-up resistor) os ae 
BUSRQ 1 iat Bus request: Signal used to request high impedance for ADO - 15, AO - 23, RD, WR, HWR, R/W, RAS, CSO, 

P CS1, and CS2 pins. (For external DMAC) 
P35 (0 Port 35: I/O (with pull-up resistor) > Mes oh 
BUSAK 1 Ghint Bus acknowledge: Signal indicating that ADO - 15, AO - 23, RD, WR, HWR, R/W, RAS, CSO, CS1, and CS2 
P pins are at high impedance after receiving BUSRQ. (For external DMAC) 

P36 P /0 Port 36: I/O port (with pull-up resistor) 

R/W Outpu Read/write: 1 represents read or dummy cycle; 0, write cycle. 

P37 4 /0 Port 37: 1/0 port (with pull-up resistor) 

RAS Outpu Row address strobe: Outputs RAS strobe for DRAM. 

P40 /0 Port 40: 1/0 port (with pull-up resistor) 

CSO 1 Outpu Chip select 0: Outputs 0 when address is within specified address area. 

CASO Outpu Column address strobe 0: Outputs CAS strobe for DRAM when address is within specified address area. 
Note: With the external DMA controller, this device’s built-in memory or built-in |/O cannot be accessed using the BUSRQ and BUSAK pins. 
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: Number : 

Pin Name of Pins 1/0 Functions 
Pat /0 Port 41: 1/0 port (with pull-up resistor) 
CS1 1 Output Chip select 1: Outputs 0 if address is within specified address area. 
CASI Output Column address strobe 1: Outputs CAS strobe for DRAM if address is within specified address area. 
P42 /0 Port 42: 1/0 port (with pull-up resistor) 
CS2 1 Output Chip select 2: Outputs 0 if address is within specified address area. 
CAS2 Output Column address strobe 2: Outputs CAS strobe for DRAM if address is within specified address area. 
P50 ~ P53 4 Input Port 5: Input port 
ANO ~ AN3 Input Analog input: Input to A/D converter 
VREF 1 Input Pin for reference voltage input to A/D converter 
AGND 1 Input Ground pin for A/D converter 
P60 ~ P63 4 /0 Ports 60 - 63: 1/0 ports that allow selection of I/O on a bit basis (with pull-up resistor) 
PG00 ~ PGO3 Output Pattern generator ports: 00 - 03 
P64 ~ P67 4 /0 Ports 64 - 67: I/0 ports that allow selection of I/O on a bit basis (with pull-up resistor) 
PG10 ~ PG13 Output Pattern generator ports: 10 - 13 
P70 /0 Port 70: 1/0 port (with pull-up resistor 
110 Input Timer input 0: Timer 0 inpu 
P71 /0 Port 71: 1/0 port (with pull-up resistor 
T01 Output Timer output 1: Timer 0 or 1 output 
P72 /0 Port 72: I/O port (with pull-up resistor 
T02 Output PWM output 2: 8-bit PWM timer 2 output 
P73 /0 Port 73: 1/0 port (with pull-up resistor 
T03 Output PWM output 3: 8-bit PWM timer 3 output 
P80 /0 Port 80: 1/0 port (with pull-up resistor 
TI4 Input Timer input 4: Timer 4 count/capture trigger signal input 
INT4 Input Interrupt request pin 4: Interrupt request pin with programmable rising/falling edge 
P81 /0 Port 81: 1/0 port (with pull-up resistor 
TI5 Input Timer input 5: Timer 4 count/capture trigger signal input 
INTS Input Interrupt request pin 5: Interrupt request pin with rising edge 
P82 /0 Port 82: 1/0 port (with pull-up resistor 
T04 Output Timer output 4: Timer 4 output pin 
P83 /0 Port 83: 1/0 port (with pull-up resistor 
T05 Output Timer output 5: Timer 4 output pin 
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: Number ; 
Pin Name of Pins 1/0 Functions 
P84 /0 Port 84: 1/0 port (with pull-up resistor) 
TI6 1 Input Timer input 6: Timer 5 count/capture trigger signal input 
INT6 Input Interrupt request pin 6: Interrupt request pin with programmable rising/falling edge 
P85 /0 Port 85: 1/0 port (with pull-up resistor) 
TI? 1 Input Timer input 7: Timer 5 count/capture trigger signal input 
INT? Input Interrupt request pin 7: Interrupt request pin with rising edge 
P86 P /0 Port 86: I/O port (with pull-up resistor) 
TO6 Output Timer output 6: Timer 5 output pin 
P87 : /0 Port 87: I/O port (with pull-up resistor) 
INTO Input Interrupt request pin 0: Interrupt request pin with programmable level/rising edge 
P90 F /0 Port 90: 1/0 port (with pull-up resistor) 
TXDO Output Serial send data 0 
P91 5 /0 Port 91: 1/0 port (with pull-up resistor) 
RXDO Input Serial receive data 0 
P92 /0 Port 92: I/O port (with pull-up resistor) 
CTSO Input Serial data send enable 0 (Clear to Send) 
P93 ‘ /0 Port 93: 1/0 port (with pull-up resistor) 
TXD1 Output Serial send data 1 
P94 j /0 Port 94: I/O port (with pull-up resistor) 
RXD1 Input Serial receive data 1 
P95 P /0 Port 95: I/O port (with pull-up resistor) 
SCLK1 /0 Serial clock 1/0 1 
WDTOUT 1 Output Watchdog timer output pin 
NMI ? | Non-maskable interrupt request pin: Interrupt request pin with falling edge. 
nput oe 
Can also be operated at rising edge by program. 

CLK 1 Output Clock output: Outputs | X1+ 4) clock. Pulled-up during reset. 
EA 1 inna External access: 0 should be inputted with TMP96C141AF 

P 1, with TMP96CM40F/TMP96PM40F. 
ALE 1 Output Address latch enable 
RESET 1 Input Reset: Initializes LSI. (With pull-up resistor) 
X1/X2 2 /0 Oscillator connecting pin 
VCC 2 Power supply pin (+ 5V) 
VSS 3 GND pin (OV) 
jote: — Pull-up/pull-down resistor can be released from the pin by software. 
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3. Operation 
This section describes in blocks the functions and basic oper- 
ations of the TMP96C141AF device. 

Check the chapter Guidelines and Restrictions for proper 
care of the device. 


3.1 CPU 
The TMP96C141AF device has a built-in high-performance 
16-bit CPU. (For CPU operation, see TLCS-900 CPU in the 
book Core Manual Architecture User Manual.) 

This section describes CPU functions unique to 
TMP96C141AF that are not described in that manual. 


3.1.1 Reset 
To reset the TMP96C141AF, the RESET input must be kept at 
O for at least 10 system clocks (10 states: 1ps with a 2OMHz 
system clock) within an operating voltage range and with a 
stable oscillation. 

When reset is accepted, the CPU sets as follows: 


e Program counter (PC) to 8000H. 
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e Stack pointer (XSP) for system mode to 100H. 

e SYSM bit of status register (SR) to 1. (Sets to system mode.) 

e |FF2 to O bits of status register to 111. (Gets mask register to 
interrupt level 7.) 

e MAX bit of status register to 0. (Sets to minimum mode.) 

Bits RFP2 to O of status register to OOO. (Sets register banks 

to 0.) 

When reset is released, instruction execution starts from 
address 8000H. CPU internal registers other than the above 
are not changed. 

When reset is accepted, processing for built-in I/Os, 
ports, and other pins is as follows: 

e Initializes built-in I/O registers as per specifications. 

e Sets port pins (including pins also used as built-in I/Os) to 
general-purpose input/output port mode (sets I/O ports to 
input ports). 

e Sets the WDTOUT pin to 0. (Watchdog timer is set to enable 
after reset.) 

e Pulls up the CLK pin to 1. 

e Sets the ALE pin to 0. 


TMP96C141 AF 


3.2 Memory Map 


Figure 3.2 is amemory map of the TMP96C1 41 AF. 


000000H 
000080H 


000100H 


000480H 


008000H 


008200H 


010000H 


FFFFFFH 


Note: 


Internal 1/0 


Internal RAM 
(1K-byte) 


Interrupt entry area 
32entries x 16 byte 


t 


Direct area (n) 


panos, See 


64K-byte area 
(nn) 


External memory 
(16M-byte) 


16M-byte area 
(R) 


(-R) 
(R +) 
(R + R8/16) 
(R + d8/16) 
(nnn) 


system mode side to 100H. 


(Ee = Internal area) 


The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the 


Figure 3.2 Memory Map 
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3.3 Interrupts 

The TLCS-900 interrupts are controlled by the CPU interrupt 

mask flip-flop (IFF2 to 0) and the built-in interrupt controller. 
The TMP96C141AF have altogether the following 23 

interrupt sources: 


TMP96C141 AF 


A fixed individual interrupt vector number is assigned to 
each interrupt source; six levels of priority (variable) can also 
be assigned to each maskable interrupt. Non-maskable inter- 
rupts have a fixed priority of 7. 

When an interrupt is generated, the interrupt controller 


e Interrupts from the CPU'''3 


¢ Interrupts from built-in /Os'-14 


(Software interrupts, privileged violations, and Illegal (undefined) instruction execution) 
e Interrupts from external pins (NMI, INTO, and INT4 to 7)""6 


sends the value of the priority of the interrupt source to the 
CPU. When more than one interrupt is generated simulta- 
neously, the interrupt controller sends the value of the highest 
priority (7 for non-maskable interrupts is the highest) to the 
CPU. 

The CPU compares the value of the priority sent with the 
value in the CPU interrupt mask register (IFF2 to 0). If the value 
is greater than that of the CPU interrupt mask register, the 
interrupt is accepted. The value in the CPU interrupt mask reg- 
ister (IFF2 to 0) can be changed using the El instruction (con- 
tents of the El num/IFF<2:0> = num). For example, 
programming El 3 enables acceptance of maskable interrupts 
with a priority of 3 or greater, and non-maskable interrupts 
which are set in the interrupt controller. The DI instruction 
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(IFF<2:0> = 7) operates in the same way as the El 7 instruc- 
tion. Since the priority values for maskable interrupts are O to 6, 
the DI instruction is used to disable maskable interrupts to be 
accepted. The El instruction becomes effective immediately 
after execution. (With the TLCS-90, the El instruction becomes 
effective after execution of the subsequent instruction.) 

In addition to the general-purpose interrupt processing 
mode described above, there is also a high-speed micro DMA 
processing mode. High-speed micro DMA is a mode used by 
the CPU to automatically transfer byte or word data. It enables 
the CPU to process interrupts such as data saves to built-in I/Os 
at high speed. 

Figure 3.3 (1) is a flowchart showing overall interrupt 
processing. 
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Figure 3.3 (1) Interrupt Processing Flowchart 
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3.3.1 General-Purpose Interrupt Processing 
When accepting an interrupt, the CPU operates as follows: 


(1) The CPU reads the interrupt vector from the interrupt 
controller. When more than one interrupt with the same 
level is generated simultaneously, the interrupt controller 
generates interrupt vectors in accordance with the 
default priority (which is fixed as follows: the smaller the 
vector value, the higher the priority), then clears the inter- 
rupt request. 


(2) The CPU pushes the program counter and the status 
register to the system stack area (area indicated by the 
system mode stack pointer). 


(8) The CPU sets a value in the CPU interrupt mask register 
<IFF2 to O> that is higher by 1 than the value of the 
accepted interrupt level. However, if the value is 7, 7 is 
set without an increment. 


(4) The CPU sets the <SYSM> flag of the status register to 1 
and enters the system mode. 


(5) The CPU jumps to address 8000H + interrupt vector, 
then starts the interrupt processing routine. 


In minimum mode, all the above processing is completed 
in (iSistatesy (1 .5us @ 2OMHZ). In maximum mode, it is com- 
pleted in 17 states. 
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Bus Width of Stack Interrupt Processing State Number 
Area MAX mode Min mode 
8 bit 23 19 
16 bit 17 15 


To return to the main routine after completion of the inter- 
rupt processing, the RETI instruction is usually used. Executing 
this instruction restores the contents of the program counter 
and the status registers. 

Though acceptance of non-maskable interrupts cannot 
be disabled by program, acceptance of maskable interrupts 
can. A priority can be set for each source of maskable inter- 
rupts. The CPU accepts an interrupt request with a priority 
higher than the value in the CPU mask register <IFF2 to O>. 
The CPU mask register <IFF2 to O> is set to a value higher by 
1 than the priority of the accepted interrupt. Thus, if an inter- 
rupt with a level higher than the interrupt being processed is 
generated, the CPU accepts the interrupt with the higher level, 
causing interrupt processing to nest. The CPU does not 
accept an interrupt request of the same level as that of the 
interrupt being processed. 

Resetting initializes the CPU mask registers <IFF2 to O> 
to 7; therefore, maskable interrupts are disabled. 

The addresses OO8000H to 0081FFH (512 bytes) of the 
TLCS-900 are assigned for interrupt processing entry area. 
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Table 3.3 (1) TMP96C141AF Interrupt Table 


Default Priority Type Interrupt Source eas Start Address Mea buh 
Start Vector 
1 Reset _ of SW10 instruction 00008 8000H a 
2 INTPREV: Privileged violation, or SWI1 0010H 8010H = 
3 INTUNDEF: Illegal instruction, or SWI2 0020H 8020H = 
4 SWI 3 Instruction 0030H 8030H = 
5 Non- SWI 4 Instruction 0040H 8040H - 
6 Maskable | Swi Instruction 0050H | 8050H 2 
tf SWI 6 Instruction 0060H 8060H ae 
8 SWI 7 Instruction 0070H 8070H 
g NMI Pin 0080H 8080H 08H 
10 NTWD: Watchdog timer 0090H 8090H 09H 
11 INTO pin 0OO0AOH 80A0H OAH 
12 NT4 pin 0OO0BOH 80B0H OBH 
13 NT5 pin O0COH 80CO0H OCH 
14 NT6 pin 00DOH 80D0H ODH 
15 NT7 pin QOOEOH 80E0H OEH 
- (Reserved) OOFOH 80FOH OFH 
16 INTTO: 8-bit timer 0 0100H 8100H 10H 
17 INTT1: 8-bit timer 1 0110H 8110H 11H 
18 INTT2: 8-bit timer 2/PWMO 0120H 8120H 12H 
19 INTT3: 8-bit timer 3/PWM1 0130H 8130H 13H 
20 INTTR4: 16-bit timer 4 (TREG4 0140H 8140H 14H 
21 nel INTTR5: 16-bit timer 4 (TREGS 0150H 8150H 15H 
22 INTTRE: 16-bit timer 5 (TREG6 0160H 8160H 16H 
23 INTTR7: 16-bit timer 5 (TREG7 0170H 8170H 17H 
24 INTRXO: Serial receive (Channel.0) 0180H 8180H 18H 
25 INTTXO: Serial send (Channel.0) 0190H 8190H 19H 
26 INTRX1: Serial receive (Channel.1) 01A0H 81A0H 1AH 
27 INTTX1: Serial send (Channel.1) 01B0H 81B0H 1BH 
28 INTAD: A/D conversion completion 01C0OH 81C0H 1CH 
2 (Reserved) 01D0H 81D0H 1DH 
= (Reserved) 01E0H 81E0H EH 
= (Reserved) 01FOH 81FO0H FH 


3.3.2 High-Speed Micro DMA 

In addition to the conventional interrupt processing, the TLCS- 
900 also has a high-speed micro DMA function. When an 
interrupt is accepted, in addition to an interrupt vector, the CPU 
receives data indicating whether processing is high-speed micro 
DMA mode or general-purpose interrupt. If high-speed micro 
DMA mode is requested, the CPU performs high-speed micro 
DMA processing. 


12 


The TLCS-900 can process at very high speed com- 
pared with the TLCS-90 micro DMA because it has transfer 
parameters in dedicated registers in the CPU. Since those 
dedicated registers are assigned as CPU control registers, they 
can only be accessed by the LDC (privileged) instruction. 
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(1) High-Speed Micro DMA Operation 

High-speed micro DMA operation starts when the accepted 
interrupt vector value matches the micro DMA start vector 
value set in the interrupt controller. The high-speed micro DMA 
has four channels so that it can be set for up to four types of 
interrupt Source. 

When a high-speed micro DMA interrupt is accepted, 
data is automatically transferred from the transfer source 
address to the transfer destination address set in the control 
register, and the transfer counter is decremented. If the value in 
the counter after decrementing is other than O, high-speed 
micro DMA processing is completed. If the value in the counter 
after decrementing is 0, general-purpose interrupt processing 
is performed. In read-only mode, which is provided for DRAM 
refresh, the value in the counter is ignored and dummy read is 
repeated. 

The 32-bit control registers are used for setting transfer 
source/destination addresses. However, the TLCS-900 has 
only 24 address pins for output. A 16M-byte space is available 
for the high-speed micro DMA. Also in normal mode operation, 
the all address space (in other words, the space for system 


1 state | (Note 1) (Note 2) 
DM2 DM3 DM4 DM5 DM6 DM7 
x1 
ALE = 
ADO~15 O050 GE cae 
A16~23 pry _Dummy _{_sourceiaddress waddress 
Sie | i 
WR, HWR 


(Note 1) (Note 2) 


ema Ay 


(Note 4) 


AO~15 
nC 


High-Speed “DMA cycle (COUNT # 0) 
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mode which is set by the CS/WAIT controller) can be 
accessed by high-speed micro DMA processing. 

There are two data transfer modes: one-byte mode and 
one-word mode. Incrementing, decrementing, and fixing the 
transfer source/destination address after transfer can be done 
in both modes. Therefore data can easily be transferred 
betweenl/O and memory and between I/Os. For details of 
transfer modes, see the description of transfer mode registers. 

The transfer counter has 16 bits, so up to 65536 trans- 
fers (the maximum when the initial value of the transfer counter 
is OOOOH) can be performed for one interrupt source by high- 
speed micro DMA processing. 

A the data transferred by the uDMA function, the transfer 
nter was decreased. 

When this counter is “O”H, the processor operates gen- 
eral interrupt processing. At this time if the same channel of 
interrupt is required next interrupt, the transfer counter starts 
from 65536. 

Interrupt sources processed by high-speed micro DMA 
processing are those with the high-speed micro DMA start 
vectors listed in Table 3.3 (1). 


(Note 3) (Note 3) (Note 3) 


~~ ~ 
DM12 | DM13 | DM14 | DM15 | DM16 


DO 


x 


——az 
| 
Ls 


High-Speed “DMA cycle (COUNT = 0) 


This is added 2 states the case of the bus width of source address 
area is 8bit 


This is added 2 states the case of the bus width of destination 
address area is 8bit 
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(Note3) This may be adummy cycle with instruction queue buffer. 
(Note4) 


This is added 2 states the case of the bus width of stack address 
area is 8bit 
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The following timing chart is a high-speed wDMA cycle of 
the Transfer Address Increment mode (the other mode exe- 


(2) Register Configuration (CPU Control Register) 


ChannelO 
DMASO 
DMADO 
DMACO 
DMAMO 
Channel1 
DMAS1 


Channel2 


Channel3 
DMAS3 
DMAD3 
DMAC3 
|<8bit— 


<———1 6bit ——~ 


<———_—_———3 abit 


Transfer source address register 0 
Transfer destination address register 0 
Transfer counter register 0 


Transfer mode register 0 


Transfer source address register 1 
Transfer destination address register 1 
Transfer counter register 1 


Transfer mode register 1 


Transfer source address register 2 
Transfer destination address register 2 
Transfer counter register 2 


Transfer mode register 2 


Transfer source address register 3 
Transfer destination address register 3 
Transfer counter register 3 


Transfer mode register 3 


These Control Registers cannot be set only “LCD cr, r’” instruction. 


cept the Read-only mode is same as this) 
(Condition: MIN mode, 16bit Bus wicth for 16M Byte, O wait) 


| (Use only lower 24 bits.) 


(1~65536) 
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(3) Transfer Mode Register Details 


(DMAMO~3) 


0 0 0 0 Mode Note : When specifying values for this 
register, set the upper 4 bits to 0. 


execution time (Min.) @20MHz 


py 2:0 =byte transfer, 1= word transfer 
0 0 O Z |Transfer destination address INC mode .. for 1/0 to memory 16 states 
(DMADn +) — (DMASn) 
DMACn<DMACn - 1 (1.6) 
L if DMACn =0 then INT. 
0 16 states 


DMADn —) — (DMASn) 
DMACn<DMACn - 1 
if DMACn =0 then INT. 


0 1 2Z |Transfer destination address DEC mode .. for 1/0 to memory 
( 


(1.6 ys) 


0 1 O Z |Transfer source address INC mode ........ for I/O to memory 16 states 
(DMADn) — (DMASn +) 
DMACneDMACn - 1 (1.65) 
= if DMACn =0 then INT. 
o 1 1 Transfer source address DEC mode . forl/O0 to memory 16 states 


(DMADn) — (DMASn - ) 
DMACn<DMACn - 1 

if DMACn =0 then INT. 
Fixed address mode .......... wvosaiap ieee 1/0 to 1/0 
(DMADn) < (DMASn) 
DMACn@DMACn - 1 
if DMACn =0 then INT. 
Read-only mode ........ vecccscscccseee. forDRAM refresh 
Dummy<-(DMASn) ; Reads 4 bytes. 


(1.6) 


16 states 


(1.65) 


14 states 


DMASn<-DMASn +4 ; Increments lower word only. (1.4 us) 
DMACn<DMACn - 1 

1 #0 Counter mode ....... eeidek WeeeOe P for interrupt counter 11 states 
DMASn<DMASn + 1 


(eee es -1 
Hh. leone DMACn =0 then INT. 


(1.1) 


(1 state = 100ns) 


This condition is 16-bit bus width and 0 wait of source/destination address space. 


Note: _n: corresponds to high-speed UDMA channels 0 - 3. 
DMADn +/DMASn +: — Post-increment (Increments register value after transfer.) 
DMADn -/DMASn - : Post-decrement (Decrement register value after transfer.) 


All address space (the space for system mode) can be for transfer mode control. 
accessed by high-speed uDMA. Do not use undefined codes 
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<Usage of read only mode (DRAM refresh)> 


When the hardware configuration is as follows: 
DRAM mapping size: = 1MB 


DRAM data bus size: = 8bits 
DRAM mapping address range: = 100000H to 
1 FFFFFH 


Set the following registers first; refresh is performed 
automatically. 


@® Register initial value setting 


LD XIX, 100000H 
LDC DMASO,XIX 
LD A, 00001010B 
LDC DMAMO, 


“mapping start address 


A‘“read only mode (for 
DRAM refresh) 


@ Timer Setting 


Set the timers so that interrupts are generated at 
intervals of 62.5us or less. 


® Interrupt controller setting 


Set the timer interrupt mask h other interrupt mask. 
Write the above timer interrupt vector value in the 
High-Speed wDMA start vector register, DMAOV. 


(Operation description) 

The DRAM data bus is an 8-bit bus and the micro 
DMA is in read-only mode (4 bytes), so refresh is per- 
formed four times per interrupt. 

When a 512 refresh/8ms DRAM is connected, DRAM 
refresh is performed sufficiently if the micro DMA is 
started every 15.625us x 4 = 62.4us or less, since the 
timing is 15.625us/refresh. 

(Overhead) 
Each processing time by the micro DMA is 1.8us (18 
states) @ 20MHz with an 8-bit data bus. 
In the above example, the micro DMA is started every 
62.5us, 1.8ys/62.5us = 0.029; thus, the overhead is 
2.9%. 
3.3.3 Interrupt Controller 
Figure 3.3.3 (1) is a block diagram of the interrupt circuits. The 
left half of the diagram shows the interrupt controller; the right 
half includes the CPU interrupt request signal circuit and the 
HALT release signal circuit. 

Each interrupt channel (total of 20 channels) in the inter- 
rupt controller has an interrupt request flip-flop, interrupt prior- 
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ity setting register, and a register for storing the high-speed 
micro DMA start vector. The interrupt request flip-flop is used 
to latch interrupt requests from peripheral devices. The flip-flop 
is cleared to O at reset, when the CPU reads the interrupt 
channel vector after the acceptance of interrupt, or when the 
CPU executes an instruction that clears the interrupt of that 
channel (writes O in the clear bit of the interrupt priority setting 
register). 

For example, to clear the INTO interrupt request, set the 
register after the Disinstuction as follows. 


INTEQAD<---- 0 --- Zero-clears the INTO Flip-Flop. 


The status of the interrupt request flip-flop is detected by 
reading the clear bit. Detects whether there is an interrupt 
request for an interrupt channel. 

The interrupt priority can be set by writing the priority in 
the interrupt priority setting register (e.g., INTEOAD, INTE45, 
etc.) provided for each interrupt source. Interrupt levels to be 
set are from 1 to 6. Writing O or 7 as the interrupt priority dis- 
ables the corresponding interrupt request. The priority of the 
non-maskable interrupt (NMI pin, watchdog timer, etc.) is fixed 
to 7. If interrupt requests with the same interrupt level are gen- 
erated simultaneously, interrupts are accepted in accordance 
with the default priority (the smaller the vector value, the higher 
the priority). 

The interrupt controller sends the interrupt request with 
the highest priority among the simultaneous interrupts and its 
vector address to the CPU. The CPU compares the priority 
value <IFF2 to O> set in the Status Register by the interrupt 
request signal with the priority value sent; if the latter is higher, 
the interrupt is accepted. Then the CPU sets a value higher 
than the priority value by 1 in the CPU SR<IFF2 to O>. Interrupt 
requests where the priority value equals or is higher than the 
set value are accepted simultaneously during the previous 
interrupt routine. When interrupt processing is completed (after 
execution of the RET] instruction), the CPU restores the priority 
value saved in the stack before the interrupt was generated to 
the CPU SR<IFF2 to O>. 

The interrupt controller also has four registers used to 
store the high-speed micro other DMA start vector. These are |/ 
O registers; unlike other DMA registers (DMAS, DMAD, DMAM, 
and DMAC), they can be accessed in either normal or system 
mode. Writing the start vector of the interrupt source for the 
micro DMA processing (see Table 3.3 (1)), enables the corre- 
sponding interrupt to be processed by micro DMA processing. 
The values must be set in the micro DMA parameter registers 
(e.g., DMAS and DMAD) prior to the micro DMA processing. 
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Interrupt controller 


— 


Interrupt request flip flop 


NMI 


Interrupt 
vector V read 


Interrupt 
request F/F 


Priority encoder 


1 
an Highest A 
priority 
interrupt 
4 levelselect C 


Interrupt request 
signal to CPU 


Interrupt 
vector read 


CPU 


interrupt enable RESET 


flag on CPU side 


\FF2~9 |<—————— El 1~7 


Interrupt 


Ess a level detect 


[is fen ae 
\ then 1. 


Interrupt request 
signal 


> 


B2 
D3 


Interrupt request flip flop read 


Highest eriority = 7) | 


Interrupt request clear Dn +3 


Interrupt request V read 


V =A0H 


V =BOH 


INTRXO 
INTTXO 


INTRX1 


INTTX1 


INTTR4 
INTTRS 
INTTRE 
INTTR7 


INTAD 


Interrupt 
vector 
generation 


D4 
DS 
06 
07 
D8 


DMAIV 
DMA2V 
DMA3V 


High-speed micro DMA channel 
priority encoder 
(Highest priority = ch 0) 


luring 1OLE 


‘During STOP 


HALT release 


High-speed micro 
DMA request 


High-speed micro 
DMA channel 
specification 


Figure 3.3.3 (1) Block Diagram of Interrupt Controller 
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(1) Interrupt Priority Setting Register 
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INTE45 


INTE67 


INTES1 


INTEOAD 


INTET10 


INTETS4 


INTET76 


INTESO 


Address_j 


iADC 


: IADM2 : IADM1 


(Read-modify-write prohibited.) 


: IADMO 1oM2 10M1 


1OMO 


INTS 


INT4 


ISM2 ISM1 


ISMO 4c 14M2 14M1 


0072H 


IT1C 


0 : 0 : 


: ITIM2 : ITIM1 = ITIMO 


INTT3 (Timer3/PWM1) 


16M2 


16M1 


( 
2 (Timer2/! 


INTT, 


0 : 0 +0 : 0 


PWMO) 


14M0 


16M0 


ITOC =: ITOM2 : ITOM1 ITOMO 


0 


IPW1C 


IT5C_: ITSM2_: ITSM1 


R/W 


0078H 


--=-4~90000 


ITXOC_: ITXOM2 : ITXOM1 _: ITXOMO 


0 
0 : 


SIPW1M2:IPW1M1 “iPW1MO0 | IPWOC :IPWOM2 :IPWOM1 : IPWOMO 


R/W. W. 


: IT5MO 


INTTR4 (TREG4 
IT4C : IT4M2 : IT4M1_ : IT4M0 


RW: w 
0 i 0 : 0 i: 0 0 ) 0 20 
INTTRG (TREG6) _ 
0076H IT7C =: IT7M2_: IT7M1_: IT7MO IT6C =: IT6M2_ : IT6M1_: IT6MO 
RW 
0 0: 0 0 
INTRXO 


INTRX1 


IRXOC : IRXOM2 : IRXOM1 : IRXOMO 


0 20 2 10) 2 AQ 


: WwW. 
Ee a ea 
w 
_ 0. 0 
T 


WwW. 
0 : 0 5 0 
J 


=-=-CO-=00 
-o-9O-0O+-0 


Prohibits interrupt request. 

Sets interrupt request level to “1”. 
Sets interrupt request level to "2". 
Sets interrupt request level to “3”. 
Sets interrupt request level to "4". 
Sets interrupt request level to "5". 
Sets interrupt request level to “6”. 
Prohibits interrupt request. 


Function (Write) 


Function (Read) 


Indicates no interrupt request 


Indicates interrupt request. 


Function (Write) 
Clears interrupt request flag. 


Interrupt source 
<bit Symbol 
«Read/Write 
<After reset 
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(2) External Interrupt Control 


Interrupt Input Mode Control Register 


NMIREE 


(007BH) Read/Write 


Ww 


After reset 


—— 


0 


Function 


Read-modify-write is 
Prohibited. 


1: INTO ‘To: INTO 


| INTO input enable (Note) 


: Can be 
operated 
in NMI 
rising 
edge. 


input 
enable 


edge 

mode 
> INTO 

level 


mode 


NMI rising edge enable 


c | INTO disable (P87 function only) 


1 | Input enable 


| 


0 Interrupt request generation at 
falling edge 


ce 


Interrupt request generation at 


Note: The INTO pin can also be used for standby release as described later. 
Even if the pin is not used for standby release, setting this register to 
“0” maintains the port function during standby mode. 


Interrupt 


Pin name 


~ 


rising/falling edge 


Uy 


INTO level enable 


L 0 | Rising edge detect interrupt 
1 | High level interrupt 


Setting of External Interrupt Pin Functions 


~L 


Falling edge 


IIMC<NMIREE> = 0 


Setting method 


a 


— Rising and falling 
edges 


IIMC<NMIREE> = 1 


a 


Rising edge 


T° Level 


IIMC<IOLE> = 0, <IOIE> = 1 


IIMC<IOLE> = 1, <IOIE> = 1 


- 


Rising edge 


T4MOC<CAP12M1,0> = 0,0 0r0,1 or 1,1 


me 


Falling edge 


T4MOD<CAP12M1, 0> = 1,0 


a 


Rising edge 


Rising edge TSMOC<CAP34M1,0> = 0,0o0r0,1 or 1,1 


Falling edge 


TSMOD<CAP34M1, 0> = 1,0 


Rising edge 
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(3) High-Speed Micro DMA Start Vector 
When the CPU reads the interrupt vector after accepting an inter- 


rupt, it simultaneously compares the interrupt vector with each 
channel's micro DMA start vector (bits 4 to 8 of the interrupt vec- 


DMAOV 
(007CH) 


DMA1V 
(007DH) 


DMA2V 
(007EH) 


DMASV 
(007FH) 


(4) Notes 


Micro DMAO Start Vector 


tor). When both match, the interrupt is processed in micro 
DMA mode for the channel whose value matched. 

If the interrupt vector matches more than one chan- 
nel, the channel with the lower channel number has a 
higher priority. 


(read-modify-write is not possible.) 


7 4 3 2 1 0 
bit Symbol DMAOV8 DMAOV7 DMAOV6 DMAOV5 DMAO0V4 
Read / Write W 
After reset 0 0 0 0 0 


Micro DMA‘1 Start Vector 


(read-modify-write is not possible.) 


=—_ 
| 
7 5 4 3 2 1 0 
bit Symbol DMA1V8 DMA1V7 DMA1V6 DMA1V5 DMA1V4 
Read / Write W 
Atter reset | 0 0 0 0 0 
Micro DMA2 Start Vector (read-modify-write is not possible.) 
7 5 4 3 2 1 0 
bit Symbol DMA2V8 DMA2V7 DMA2V6 DMA2V5 DMA2V4 
Read / Write W 
After reset | 0 0 0 0 0 
Micro DMAS Start Vector (read-modify-write is not possible.) 
7 5 4 3 2 1 0 
bit Symbol DMA3V8 DMA3V7 DMA3V6 DMA3V5 DMA3V4 
Read / Write W 
After reset | 0 0 0 0 0 


The instruction execution unit and the bus interface unit of this 


CPU operate independently of each other. Therefore, if the instruc- 
tion used to clear an interrupt request flag of an interrupt is fetched 
before the interrupt is generated, it is possible that the CPU might 


execute the fetched instruction to clear the interrupt request flag 
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while reading the interrupt vector after accepting the inter- 
rupt. If so, the CPU would read the default vector OOAOH 
and start the interrupt processing from the address 
80A0H. 

To avoid this, make sure that the instruction used to 
clear the interrupt request flag comes after the DI instruction. 
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3.4 Standby Function 


When the HALT instruction is executed, the TMP96C141AF 
enters RUN, IDLE, or STOP mode depending on the contents 
of the HALT mode setting register. 


TMP96C141 AF 


other built-in circuits halt. Power consump- 
tion is reduced to 1/10 or less than that dur- 
ing normal operation. 


(3) STOP : All internal circuits including the built-in oscil- 
(1) | RUN — : Only the CPU halts; power consumption lator halt. This greatly reduces power con- 
remains unchanged. sumption. The states of the port pins in 
STOP mode can be set as listed in Table 3.4 
(2) IDLE : Only the built-in oscillator operates, while all (1) using the I/O register 
WDMOD<DRVEsbit. 
7 6 5 4 3 2 1 0 
WDMOD Bit Symbol WDTE WDTP1 WDTPO WARM HALTM1 HALTMO RESCR DRVE 
(005CH) Read/Write RW 
After reset 1 0 0 0 0 0 0 0 
1: WOT 00: 2! / fc Warming up | Standby mode 1:Connects | 1: Drive pin 
Enable 01:218/tc time 00 : RUN mode watchdog even in 
Function 10 : 2°0/ fc 0:2'6/f¢ 01: STOP mode timer STOP 
Heri 1:2" fc | 10: IDLE mode output to mode. 
Detection time 11: Don't care RESET pin 
internally. 


When STOP mode is released by other than a reset, the 
system clock output starts after allowing some time for warm- 
ing up set by the warming-up counter fro stabilizing the bulit-in 
oscillator. To release STOP mode by reset, it is necessary to 


allow the oscillator to stabilize. 

To release standby mode, a reset or an interrupt is used. 
To release IDLE or STOP mode, only an interrupt by the NMI or 
INTO pin, or a reset can be used. The details are described 
below: 


Standby Release by Interrupt 


Interrupt Level 
Standby Mode 


Interrupt Mask (IFF2 to 0) 
< Interrupt Request Level 


Interrupt Mask (IFF2 to 0) 
> Interrupt Request Level 


Can be released by any interrupt. 


Can only be released by INTO pin. 


RUN After standby mode is released, interrupt processing starts. Processing resumes from address next to HALT instruction. 
IDLE Can only be released by NMI or INTO pin. After standby mode + 

is released, interrupt processing starts. 
STOP T (Note) tT 
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Table 3. 4 (1) Pin States in STOP Mode 


96C0141AF 96CM40/96PM40 
Pin Name 1/0 
DRVE =0 DRVE =1 DRVE =0 DRVE =1 
P0 Input mode/ADO ~ 7 - - - - 
Output mode x X = Output 
PY Input mode/AD8 ~ 15 - - = 7 
Output mode/A8 ~ 15 X X = Output 
po Input mode PD* PD* PD* PD* 
Output mode/A0 ~ 7, A16 ~ 23 PD* Outpu PD* Output 
P30 (RD), P31 (WR) Outpu - “4” Output - Output 
Input mode PU PU 
eon Output mode PU Outpu 
Input mode PU* PU 
al Output mode PU* Outpu 
AOD AOD Input mode PD* PD 
pae (ESaCAse) Output mode PD* Outpu 
P5 Inpu = - 
Pg Input mode PU* PU 
Output mode PU* Outpu 
P7 Input mode PU* PU 
Output mode PU* Outpu 
Input mode PU* PU 
Eero Output mode PU* Outpu 
<< 
Input mode PU PU 
Ne Output mode PU Outpu 
pg Input mode PU* PU 
Output mode PU* Outpu 
NMI Inpu Input Input 
WDTOUT Output Output Outpu 
ALE Output 0 “0” 
CLK Output = 1 
RESET Input Input Input 
EA Input Input Input 
x1 Input oe - 
X2 Output “q" “y” 
= nput for input mode/input pin is invalid; output mode/output pin is at high impedance. 
[SUE Input enable state 
nput: Input gate in operation. Fix input voltage to O or 1 so that input pin stays constant. 
Output: Output state 
PU: Programmable pull-up pin. Fix the pin to avoid through current since the input gate operates when a pull-up resistor is not set. 
PD: Programmable pull-down pin. Fix the pin like a pull-up pin when a pull-down resistor is not set. 
a: nput gate disable state. No through current even if the pin is set to high impedance. 
x! Cannot set. 


Note: Port registers are used for controlling programmable pull-up/pull-down. If a pin is also used for an output function (e.g., TO1) and the output function 
is specified, whether pull-up or pull-down is selected depends on the output function data. If a pin is also used for an input function, whether pull-up or 
pull-down is selected depends on the port register setting value only. 
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3.5 Functions of Ports 


The TMP96CM40F/TMP96PMA40F has 65 bits for I/O ports. 
The TMP96C141AF, TMP96C041AF has 47 bits for I/O ports 
because PortO, Port1, P80, and P31 are dedicated pins for 


ADO to 7, AD8 to 


15, RD, and WR. 
These port pins have I/O functions for the built-in CPU 
and internal I/Os as well as general-purpose I/O port func- 
tions. Table 3.5 lists the function of each port pin. 


Table 3.5 Functions of Ports 


TMP96C141 AF 


T = With programmable pull-up resistor 


J = With programmable pull-down 


Port Name Pin Name eee ot Direction R Direction Setting Unit Pin Name for Built-in Function 
Portd P00 ~ P07 8 /0 = Bi ADO ~ AD7 
Portt P10 ~ P17 8 /0 - Bi AD8 ~ AD15/ A8 ~ A15 
Port2 P20 ~ P27 8 /0 i Bi AO ~ A7/ A16 ~ A23 
Port 3 P30 1 Output - (Fixed) RD. 
P31 Output = (Fixed) WR 
P32 /0 T Bi HWR 
P33 /0 il Bi WAIT 
P34 /0 tT Bi BUSRQ 
P35 /0 T Bi BUSAK 
P36 /0 i) Bi RW 
P37 /0 tT Bi RAS 
Port4 P40 /0 ft Bi CSO / CASO 
P41 /0 T Bi CS1/ CASI 
P42 /0 L Bi CS2 / CAS2 
Port5 P50 ~ P53 4 Input - (Fixed) ANO ~ AN3 
Port6 P60 ~ P67 8 /0 T Bi PGO0 ~ PGO3, PG10 ~ PG13 
Port7 P70 1 /0 tT Bi T10 
P71 /0 T Bi TO1 
P72 /0 T Bi T02 
P73 /0 tT Bi T03 
Ports P80 /0 tT Bi T14/INT4 
P81 /0 tT Bi T15/INT5 
P82 /0 tT Bi T04 
P83 /0 tT Bi T05 
P84 /0 tT Bi T16/INT6 
P85 /0 T Bi T17/INT7 
P86 /0 tT Bi TO6 
P87 /0 T Bi INTO 
Port9 P90 /0 T Bi TXDO 
P91 /0 T Bi RXDO 
P92 /0 T Bi CTSO 
P93 /0 T Bi TXD1 
P94 /0 tT Bi RXD1 
P95 /0 T Bi SCLK1 
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Resetting makes the port pins listed below function as ¢ POO ~ PO7 —ADO ~ AD7 
general-purpose |/O ports. °©P10~P17. —AD8~AD15 

I/O pins programmable for input or output function as © P30 >RD 
input ports. se 

To set port pins for built-in functions, a program is oEe! Be 
required. Bus release function 

The TMP96C141AF has the internal pull-up and pull- 
Since the TMP96C141AF has an external ROM, some down resistors to fix the bus control signals at bus release. 
ports are permanently assigned to the CPU. Table 3.5 (1) shows the pin condition at bus release 
(BUSAK) = “L”). 
Pin state at bus release 
Pin Name 
Port mode Function mode 

POO - P07 
sia oe No status change (these pins are not “Hz”) These pins are “Hz”. 

(AD8 - AD15) 
P30 (RD) + These pins are “Hz”. 
P31 (WR) (“Hz” status after these pins are driven to high level.) 
P32 (HWR) The output buffer is “OFF” after these pins are drinen high. 
P37 (RAS) tT These pins are added in the internal resistor of pull-up. It’s 

no relation for the value of output latch. 

P36 (RAW) 
P40 (CSO/CASO) tT tT 
P41 (CS1/CAS1) 
P42 (CS2/CAS2) tT (*)T 
P20 - P27 The output buffer is “OFF” after these pins are drinen high. 

(A16 - A23) tT These pins are added in the internal resistor of pull-down. 
P42 (CS2/CAS2) It's no relation for the value of output latch. 

(*) P42 has the resistor of programmable pull-down, but P10 - P17 (AD8 - AD15) 
when the bus are released, P42 pin is added a resistor of pull- P30 (RD) 
up. P31 (WR) 

That is, when it is used for bus release (BUSAK = “O”), the When the bus is released, both internal memory and 
pins of below need pull-up or pull-down resistor for an external internal I/O cannot be accessed. But the internal I/O continues 
Circuit. to run. Therefore, be careful about releasing time and set the 

POO - PO7 (ADO7) setection time WDT. 

Vec 
TMP96C141AF 
P0O-PO7 
(ADO-7) 
Vcc 
—» Address/Data bus (ADO-15) 
P10-P17 
(AD8-15) 
Li ea renee Higher address bus (A16-23) 
Vec 
em, } 5 
— System control bus 
ra 
(Internal pull-up) i (Ras) ———) 
Pat (CS1) 
P42 (CS2) 


Figure 3.5. Example of external bus interface using bus release function. 
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3.5.1 Port 0 (POO - P07) 3.5.2 Port 1 (P10 - P17) 
Port O is an 8-bit general-purpose I/O port. I/O can be set ona Port 1 is an 8-bit general-purpose I/O port. I/O can be set ona 
bit basis using control register POCR to O and sets Port 0 to bit basis using control register P1CR and function register 
input mode. P1FC. Resetting resets all bits of output latch P1, control reg- 
In addition to functioning as a general purpose |/O port, ister P1CR, and function register P1FC to 0 and sets Port 1 to 
Port O also functions as an address data bus (ADO to 7). To input mode. 
access external memory, Port 0 functions as an address data In addition to functioning as a general purpose I/O port, 
bus (AD 0 to 7) and all bits of the control register POCR are Port 1 also functions as an address data bus (AD8 to 15) or an 
cleared to 0. address bus (A8 to 15). 
With the TMP96C141AF/TMP96C041AF, which comes With the TMP96C141AF/TMP96C041AF, which comes 


with an external ROM, Port 0 always functions as an address with an external ROM, Port 1 always functions as an address 
data bus (ADO to 7) regardless of the value set in control regis- data bus (AD8 to 15) regardless of the value set in control reg- 
ter POCR. ister P1CR. 


Reset 


Reset 


Direction control 
Direction control (on bit basis) 
(on bit basis) 


A 
P1CR write 


bus 


bus 


POCR write 
Function control 
(on bit basis) 


data 


Output | 


-—>| latch Port 0 
POO~PO7 
(ADO~AD7) 


data 


K 
P1FC write 


Output —{ Port 1 
latch P10~P17 
——_ Output buffer (AD8~AD15/A8~A15) 


PO write 


Interna 


A 
P1 write 


q tee 
a 


P1 read 


Internal 


Figure 3.5 (1). Port 0 Figure 3.5 (2). Port 1 
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PO bit Symbol 


Port O Register 


(0000H) Read/Write 


| 
After reset 


POCR- [bit Symbol Po7c PO4C PO3C PO2C POIC 
(0002H) Read/Write 

After reset 0 0 0 0 0 : 0 

Function O:IN 1:OUT (At external access, Port 0 becomes AD7 - 0 and POCR is cleared to 0.) 

P1 
(0001H) Read/Write 

After reset 
P1CR = [bit Symbol P14C  :) P13C P12C 
(0004H) Read/Write Ww 

After reset 0 0 : 0 : 0 : 0 : 0 


Function 


<<See PIFC below. >> 


P13F 


After reset 


0 i 0 


Function 


Read-modify-write is 
prohibited for registers POCR, 
P1CR, and P1FC. 


0 1 
input port | Address fa bus 
| 1 Output port Oa 


Note: <PI1XF> isbit X in register PIFC; <P1XC>, in register PICR. 


Figure 3.5 (3). Registers for Ports 0 and 1 
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3.5.3 Port 2 (P20 - P27) 


Port 2 is an 8-bit general-purpose I/O port. I/O can be set on 
bit basis using the control register P2CR and function register 
P2FC. Resetting resets all bits of output latch P2, control regis- 
ter P2CR and function register P2FC to O. It also sets Port 2 to 


TMP96C141 AF 


input mode and connects a pull-down resistor. To disconnect 
the pull-down resistor, write 1 in the output latch. 

In addition to functioning as a general-purpose |/O port, 
Port 2 also functions as an address data bus (AO to 7) and an 
address bus (A16 to 28). 


aw Reset 
Direction control 
(on bit basis) 
P2CR write 
a) i 
5 
a Function control 
Pa (on bit basis) 
v 
oO ‘ 
5 P2FC write 
© Output i P 
ort2 
o OUEDUERUTET (AO~A7/A16~A23) 
Zz P2 write 
= N-ch 
Programmable ) 
pull-down 
mr P2 read 


Figure 3.5 (4). Port 2 


TOSHIBA CORPORATION 


27 


TMP96C141 AF 


a 
: 
(00064 


P2CR 
(0008H) 


P2FC | bit symbol 
(0009H) 


After reset 


Function 


R/W 


Input mode (Output latch register is cleared to “0".) 


P22c | P2IC 


P27F = P26F =; Ss P2SF P24F 4: -P23F «0: P22F SOP IF 


0 : 0 $$ 0 : 0 


P20C 


P2FC/P2CR = 00: IN, 01: OUT, 10: A7-0, 11 : A23-16 


Read-modify-write is Port 2 function setting 


prohibited for registers 
P2CR and P2FC. 


address bus 
(A7-0) 


address bus 
(A23-16) 


Note: <P2XF> is bit Xin register P2FC; <P2XC>; in register P2CR. 
To set as an address bus A23~ 16, set P2FC after setting P2CR. 


Figure 3.5 (5). Registers for Port 2 
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3.5.4 Port 3 (P30 - P37) 


Port 3 is an 8-bit general-purpose I/O port. 

I/O can be set on a bit basis, but note that P30 and P31 
are used for output only. I/O is set using control register P3CR 
and function register P3FC. Resetting resets all bits of output 
latch P3, control register P8CR (bits O and 1 are unused), and 
function register P3FC to O. Resetting also outputs 1 from P30 
and P31, sets P32 to P87 to input mode, and connects a pull- 
up resistor. 

In addition to functioning as a general-purpose I/O port, 
Port 3 also functions as an I/O for the CPU’s control/status sig- 
nal. 
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TMP96C141 AF 


With the TMP96C141AF, when P30 pin is defined as RD 
signal output mode (<P30F> = 1), clearing the output latch 
register <P30> to O outputs the RD strobe (used for the 
pseudo static RAM) from the PSO pin even when the internal 
address area is accessed. = 

If the output latch register <P30> remains 1, the RD 


strobe signal is output only when the external address area is 
accessed. 


With the TMP96C141AF/TMP96C041AF, which comes 
with an external ROM, Port 30 outputs the RD signal; P31, the 


WR signal, regardless of the values set in function registers 
P30F and P31F. 
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Reset 
For TMP96C141AF mode 
Function 
“ control | 
2 (on bit basis) 
® i 
aa P3FC write 
me) 
e P30(RD) 
gL Output buffer P31(WR) 
= P3 write 
RD, WR 
KO 
P3 read 
Reset 
Direction 
control 
(on bit basis) 
P3CR write 
3 Function 
control | 
phe (on bit basis) 
oO 
= t - Programmable 
= P3FC write ——-[>0-+{ B P-ch Sian ) 
c S 
o Ss Al 5 oe 
a Gece | 2 > + [_] P32(HWR) 
= t RUSAK 
sles B = Output buffer P35(BUSAK) 
| iia P36(R/W) 
| P3 write P37(RAS) 
| HWR, BUSAK, RW, RAS 
a s 
| | 
; | j 
| 
« <I | 
rN 


P3 read 


Figure 3.5 (6). Port 3 (P30, P31, P32, P35, P36, P37) 
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data bus 


Internal 


data bus 


Internal 


mm) 
(“ Reset 


Reset 


& Direction 
control 


(on bit basis) 


4 
P3CR write 


Direction 
control | 
(on bit basis) 


nN 
P3CR write 


Function 
control | 
(on bit basis) 


poet Wilts p-ch( 


Bch (Poorammaot ) 


pull-up 
+———_] P33 (WAIT) 
Output buffer 
——4 
Internal P3 read 
WAIT 


Programmable ) 
pull-up 


Internal P3 read 
BUSRQ ~ 


Figure 3.5 (7). Port 3 (P33, P34) 


{] P34 (BUSRQ) 
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Port 3 Register 


P3 
(0007H) Read/Write 


After reset 


3 
P3CR bit Symbol P37C =: = P36C : P35C : P34C =: P33C : P32C 
(000AH) Read/Write 


After reset 


ee ee as 


Co [input 
Port 3 Function Register 


pa | 


P3FC [bit Symbol|  P37F =| P36F «| ~P35F «O;OPBGFC: | p32F | PBIF; ~~ P30F 
0a 
mene ee eee ee 


0:PORT :0:PORT :0:PORT :0:PORT : i0:PORT :0:PORT :0: PORT 
Function 11: RAS 11: RAW 1: BUSAK :1: BUSRQ : i1:AWR 1: WR 1: RD 
Read-modify-write is 
prohibited for registers 
P3CR and P3FC. 


P30 (RD) function setting 


BUSRQ setting 


“0” output 


Always RD 
output (for 
pseudo SRAM) 


for external 
access 


RD output only | 


P31 (WR) function setting 


1 


R/W setting 


P3FC <p36rF> | 1 | 
P3CR <P36C> | 1 | 


nee Sie 
— Sor > HWR setting 
< > 
pet ! P3FC <p32F> | 1 | 
P3CR < 
3c <P37c> | 1 | P3CR <P32c> | 1 | 


"0" output {1 output 


WR output only for 
Lexternal access 


Note: When P33/WAIT pin is used as a WAIT pin, set P#CR <P383C> to “O” and Chip Select/Wait control register. 


Figure 3.5 (8). Registers for Port 3 
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3.5.5 Port 4 (P40 - P42) In addition to functioning as a general-purpose |/O port, 
Port 4 is a 3-bit general-purpose I/O port. /O canbe setona — Port 4 also functions as a chip select output signal (CSO to 
bit basis using control register P4CR and function register CS2 or CASO to CAS2). 


P4FC. Resetting does the following: 


- Sets the P40 and P42 output latch registers to 1. 


- Resets all bits of the P42 output latch register, the control 
register P4CR, and the function register P4FC to 0. 


- Sets P40 and P41 to input mode and connects a pull-up 
resistor. 


- Sets P42 to input mode and connects a pull-down resistor. 
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34 


data bus 


Internal 


data bus 


Internal 


Reset 


Direction 
control 
(on bit basis) 


ry 
P4CR write 


Function 
control | 
(on bit basis) 


ry 
P4FC write 


p-ch( 


Programmable ) 
pull-up 


P4 read 


Direction 
control | 
(on bit basis) 


rN 
PACR write 


Function 
control | 
(on bit basis) 


A 
P4FC write 


Output buffer 


Selector 


Programmable ) 
pull-down 


P4 read 


Figure 3.5 (9). Port 4 


|_| P42 (CS2/CAS2) 
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Port 4 Register 


aS STIS a UT SS ee Ta SE 
(000CH) Frcaanwrite| : : 


: : : A i Input mode 
After reset F : : : ssi : : 
: : : : :0(Pull-down): 1(Pull-up) : 1 (Pull-up) 


P4CR bit Symbol : : P4ic 
(OO0EH) Read/Write 


After reset 


— i/O setting 


0 | Input 
1 | Output 


Port 4 Function Register 


P4FC bit Symbol 
(0010H) 


Read/Write 


After reset 


Function 


Read-modify-write is not 
possible for P4CR or P4FC. 


0 | Port (P40) 
> 
1 | ¢S0/CASO 
0 | Port (P41) 
1 | CS1/CAS1 
0 | Port (P42) 
= l 4 [82/CAS2 | 


Note: To output chip select signal (CSO/CASO to CS2/CAS2), set the corresponding 
bits of the control register P4CR and the function register to P4FC. 
The BOCS, B1CS, and B2CS registers of the chip select/wait controller are used 
to select the CS/CAS function. 


Figure 3.5 (10). Registers for Port 4 
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3.5.6 Port 5 (P50 - P53) 


Port 5 is a 4-bit input port, also used as an analog input pin. 


Note: The input channel selection of A/D Converter is set by A/D Converter mode register ADMOD2. 
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PO 
(000DH) 


(™ 
3 “Ht [| Port 5 
= PS5O0~P53 
< Port 5 read (ANO~AN3) 
3 
7 
c 
io Conversion AID Ch 
= result anne 
f converter selector 
register 
LJ AD read 
Figure 3.5 (11). Port 5 
Port 5 Register 
6 5 4 3 2 1 0 
bit Symbol a ee ie P52 P51 P50 
Read/Write 


After reset 


Input mode 


Figure 3.5 (12). Registers for Port 5 
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3.5.7 Port 6 (P60 - P67) 


Port 6 is an 8-bit general-purpose I/O port. I/O can be set on 
bit basis. Resetting sets Port 6 as an input port and connects 
a pull-up resistor. It also sets all bits of the output latch to 1. In 


TMP96C141 AF 


assigned to P60 to P68; PG1, to P64 to P67. Writing 1 in the 


addition to functioning as a general-purpose |/O port, Port 6 
also functions as a pattern generator PGO/PG1 output. PGO is 


data bus 


Internal 
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PGO, 1 


Reset 


Direction control 


(on bit basis) 


P6CR write 


Function control 
(on bit basis) 


P6FC write 
Ss 


Output 
latch 


A Ss 


t Selector = i 
P6 write 
> 


—>|B 


Ss 


B |~—_—_+ 


<q Selector 
P6 read A 


Figure 3.5 (13). Port 6 


corresponding bit of the port 6 function register (P6FC) 
enables PG output. Resetting resets the function register 
P6FC value to O, and sets all bits to ports. 


os 
f>P-ch 
Programmable 
pull-up 


Port6 


P60~P67 
(PGOO~PG 13) 
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P6 
(0012H) 


P6CR 
(0014H) 


P6FC 
(0016H) 


ee 


bit Symbol 


Port 6 Register 


Read/Write 


After reset 


ee 


Read/Write 


l 


P67C 


bit Symbol P67F 


Input mode (Pull-up) 


1 1 


Port 6 Control Register 
i 5 a eee) : 
P66C | ~PESC =| «PAC «| «PERC SCPEZC «|S PBIC 


P60C 


>» Port6i/O setting 


Input 
Output 


Port 6 Function Register 
S$ 4 ft 3 
P6SF P64E 


P66F P63F P62F P6I1F 


Read/Write 


Read-modify-write is 
prohibited for registers 
P6CR and P6FC 


1: PG1-OUT 


Port 6 function setting 


0 | General-purpose port 


Stepping motor control / Pattern 
generation port 


Figure 3.5 (14). Registers for Port 6 
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3.5.8 Port 7 (P70 - P73) 


Port 7 is a 4-bit general-purpose I/O port. I/O can be set on bit 
basis. Resetting sets Port 7 as an input port and connects a 

pull-up resistor. In addition to functioning as a general-purpose 
I/O port, Port 70 also functions as an input clock pin TIO; Port 


Ss 


Reset 


Direction control 
(on bit basis) 


P7CR write 


P7 write 


TMP96C141 AF 


71 as an 8-bit timer output (TO1), Port 72 as a PWMO output 
(TO2), and Port 73 as a PWM1 output (TOS) pin. Writing 1 in 
the corresponding bit of the Port 7 function register (P7FC) 
enables output of the timer. Resetting resets the function regis- 
ter P7FC value to 0, and sets all bits to ports. 


Ss 


P-ch 


Programmable 
pull-up 
{| P70 


(TI0) 


5 
a Selector 
P7 read 
© A 
v Tio « 
o Reset 
: als 
—_ Direction control 
© (on bit basis) 
c 
- A 
a P7CR write 
e 
= Function control 
ia (on bit basis) 
4 
P7FC write 
S { sicdiaiinable 
a —---| P-ch 
Output latch |. \ pull-up 
f AS 
P7 write 
Selector P71~P73 
(TO1~TO3) 
| Timer tiFOUuT ——-———___—.__._._| B 
i (101 : Timer 1 
TO2: Timer 2 BI 4 
\r03 : Timer 3 
= Selector 
P7 read 
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Figure 3.5 (15). Port 7 
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(0013H) 


(0015H) 


(0017H) 


Port 7 Register 


fae] 


After reset 


P72C | ~P7IC «=: ~«~P7OC 


Port 7 I/O setting 


[0 [input 
i Jour 


Port 7 Function Register 


a ee ee 


3 : 3 
P72F |) PTIF | | 


Read/Write 


After reset 0 : 0 


:0:PORT :0:PORT ‘0: PORT 


Function :1:TO3 :1:TO2 '1:TO1 


Read-modify-write is : 
Setting P71 as TO1 


P7FC <P71F> 1 
P7CR <P71C> | 1 | 


Setting P72 as TO2 
P7FC <P72F> 1 


P7CR <P72C> | 1 | 


Setting P73 as TO3 
P7FC <P73F> 1 
P7CR <P73C> 1 


prohibited for registers 
P7CR and P7FC. 


Note: P70/TIO pin does not have a register changing PORT/FUNCTION. 
For example, when it is used as an input port (P70), the input signal for P70 is inputted to 8bit Timer 0 
asa timer input 0 (TIO). 


Figure 3.5 (16). Registers for Port 7 
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3.5.9 Port 8 (P80 - P83) 


Port 8 is an 8-bit general-purpose I/O port. I/O can be set ona 
bit basis. Resetting sets Port 8 as an input port and connects 
a pull-up resistor. It also sets all bits of the output latch register 
P8 to 1. In addition to functioning as a general-purpose I/O 

port, Port 8 also functions as an input for 16-bit timer 4 and 5 


TMP96C141 AF 


clocks, an output for 16-bit timer F/F 4, 5 and 6 output, and an 
input for INTO. Writing 1 in the corresponding bit of the Port 8 
function register (P8FC) enables those functions. Resetting 
resets the function register P8FC value to O, and sets all bits to 
ports. 


(1) P80 ~ P86 
Reset 
cm 
Direction control 
(on bit basis) 
A P-ch 
P8CR write 
Programmable 
pull-up 
rr Ss 
h | P80 (TI4/INT4) 
rslaaiaiiaa ae P81 (TIS/INTS) 
SB P84 (TIG/INT6) 
P8 write P85 (TI7/INT7) 
vole Selector 
| 
P8 read 
2 
TI4, TIS A\~< 
© Tl6, TI7 Reset 
oO 
° { 
= Direction control - 
bo (on bit basis) | 
c 
. A 
v P8CR write 
- 
c 
= Function control 
(on bit basis) 
P8FC write 
+ 
S | p-ch( Programmable 
| b . ‘ pull-up 
Output latch 
i AS 
P8 write 
Selector |__| —4+——["] P82 (T04) 
[> P83 (TOS) 
Timer F/F OUT B P86 (TOS) 
TO4: Timer 4 
TOS: Timer 5 B 
TO6: Timer 6 
‘ ~< —| Selector 
P8 read 
S Aj. 
~ ee 
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Figure 3.5 (17). Port 8 (P80 - P86) 
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(2) P87 (INTO) 


an INTO pin for external interrupt request input. 


Port 87 is a general-purpose I/O port, and also used as 


42 


? 


a Internal data bus 


Reset 


Direction 


control (on 
bit basis) 


A 
P8CR write 


Y 
5 


~~ 
fP-ch 
Programmable 
pull-up 
{] P87 (INTO) 


i» 
Output latch 


P8 write 


INTO interrupt 


T 


Selector 


Aj 


IMC<IOIE> —imC<IOLE> 


Figure 3.5 (18). Port 87 
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Port 8 Register 


P8 bit Symbol 
(0018H) Read/Write 


After reset 


P8CR_ | bit Symbol : ' pgsc : PB4C «OC: «OP83C «C::«OP82C:«C:«CPBIC «=: ~«PBOC 
001AH) — 
( Read/Write 


After reset 


Function 


ee 


(0011 asanie 


After reset 


Read-modify-write is 


‘0: PORT :0: PORT 
1:TO5  '1: 704 


prohibited for registers 


P8CR and P8FC. Setting P82 as TO4 


P8FC <P82F> 
P8CR <P82C> 


Setting P83 as TOS 
P8FC <P83F> 
P8CR <P83C> 


bo '* «Setting P84 as TO6 
P8FC <P86F> 
P8CR <P86C> 


Note: P80/TI4, P81/T15, P84/TI6, P85/TI7 pins do not have a register changing PORT/FUNCTION. 
Therefore this is the same as P70/TIO pin. 
When P87/INTO pin is used as an INTO pin, set PBCR<P87C> to "0" and IIMC<IOIE> to "1". 


Figure 3.5 (19). Registers for Port 8 
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3.5.10 Port 9 (P90 - P95) Resetting resets the function register value to O and sets 
Port 9 is a 6-bit general-purpose I/O port. I/Os canbe setona __ all bits to ports. 

bit basis. Resetting sets Port 9 to an input port and connects a 

pull-up resistor. It also sets all bits of the output latch registerto (1) ~—- Port 90 and 93 (TXDO/TXD1) 

1 


In addition to functioning as a general-purpose I/O port, Port 9 Ports 90 and 98 also function as serial channel TXD 
can also function as an I/O for serial channels 0 and 1. Writing output pins in addition to I/O ports. 
1 in the corresponding bit of the port 9 function register (P9FC) They have a programmable open drain function. 


enables this function. 


Reset 


Direction control 
(on bit basis) 


A 
POCR write 


bus 


i 


P9FC write 


data 


—f>o—}— > P-ch 


I Sescamiviabie 


o 
a 
c AS \ pull-up ) 
2 Selector P90 (TXDO) 
x P9 write P93 (TXD1) 
— | TxD0, TxD1. ——————————> | 8, Open drain 
possible 
ODE<ODE1,0> 
—— 
Ss BkKe—————— 
Ti 4 — Selector 
P9 read A\< 


Figure 3.5 (20). Ports 90 and 93 
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(2) Ports 91 and 94 (RXDO, 1) input pins for serial channels. 


P-ch_ {Programmable 
pull-up 

{_] P91 (RXDO) 

P94 (RXD1) 


Figure 3.5 (21). Ports 91 and 94 


Ports 91 and 94 are I/O ports, and also used as RXD 


Direction 
control (on 
bit basis) 
I 
POCR write 


Ss 
Output latch 


SB 


P9 write 
Selector 


Internal data bus 


P9 read A 


RxDO, RxD1 ~«<— 


(8) — Port 92 (CTS/SCKLO) for serial channelO; additionally, the CTSO pin, and also 
as a SCKLO |/O pin. 


Port 92 is an I/O port. It is also used as a CTS input pin 


Reset 


Direction 
control (on 
bit basis) 


I 


POCR write 


Direction 
control (on 
bit basis) 


e 
P9FC write P-ch 
- Caen ) 
ull-up 
Output latch AS 


Selector [] P92 (CTSO/SCLKO) 
P9 write 


SCLKO OUT —»—____> 


Internal data bus 


4 Selector 


P9 Read A 
SCLKO IN 


cTsoO 


Figure 3.5 (22). Port 92 
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(4) 
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Port 95 (SCLK) 


an SCLK |/O pin for serial channel 1. 


Port 95 is a general-purpose I/O port. It is also used as 


data bus 


Internal 


; S 
Output latch 


Reset 


5 Direction 


control 
(on bit basis) 


A 
POCR write 


Function 
control 
(on bit basis) 


P9FC write 


A S 


Selector 


P9 write 
SCLK OUT —»——_______->| 8 


Selector 


4 


P9 read 


SCLKIN ~€ 


Figure 3.5 (23). Port 95 


ce 


rogrammable 
ull-up 


P95 (SCLK1) 
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ss 
——— 


After reset 


=a : : : : 
POCR [bit symbol] —_| —~_| p9sc_ | pawc = POBC =| PORC CONIC «| CéP9OC 
cove 
; | : ; 2 , , 
Se ee Port 9 1/O setting 
enna 
Jou] 


Pg 
(0019H) 


Port 9 Function Register 
> 5 i 4 | 3 


After reset 


Note: Only the 
TMP96CM40/TMP96PM40/ 
TMP96C141A/TMP96C041A 
have register P92F. That is, 
SCLKO cannot be specified for 
the TMP96C141. 


10: PORT !0:PORT :0:PORT | :0: PORT 
i1:SCLK1 | i1:TxD1 i1:SCLKO : 51: TxDO 


P90 TxD0 output setting (Note) 


POFC <P9OF> | 1 | 
P9CR <P90C> 1 


P93 TxD1 output setting (Note) 


POFC <P93F> 1 

POCR <P93C> 1 

P95 SCLK output setting 
Note: To set the TxD pin to open drain, write 1 in bit 0 (for TxDO pin) or bit 1 (for TxD1 pin) of the 


ODE register. 
P91/RXDO, P94/RXD1 pins do not have a register changing PORT/FUNCTION. 
Therefore this is the same as P70/TI0 pin. 


Figure 3.5 (24). Registers for Port 9 
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3.6 Chip Select/Wait Control 

TMP96C141AF has a built-in chip select/wait controller used 
to control chip select (CSO - CS2 pins), wait (WAIT pin), and 
data bus size (8 or 16 bits) for any of the three block address 


areas. 


3.6.1 Control Registers 
Table 3.6 (1) shows control registers 


One block address areas are controlled by 1-byte CS/ 


WAIT control registers (BOCS, B1CS, and B2CS). Registers 
can be written to only when the CPU is in system mode. (There 
are two CPU modes: system and normal.) The reason is that 
the settings of these registers have an important effect on the 
system. 


(1) 


Enable 


Control register bit 7 (BOE, B1E, and B2E) is a master 
bit used to specify enable (1)/disable (0) of the setting. 
Resetting BOE and B1E to disable (0) and B2E to 
enable (1). 


(2) System only specification 


48 


Control register bit 6 (BOSYS, B1SYS, and B2SYS) is 
used to specify enable/disable of the setting depend- 
ing on the CPU operating mode (system or normal). 
Setting this bit to O enables setting (Address space for 
CS, Wait state, Bus size, etc.) regardless of the CPU 
operating mode; setting it to 1 enables setting in sys- 
tem mode but disables setting in normal mode. 
Resetting clears bit 6 to 0. 

Bit 6 is mainly used when external memory data should 
not be accessed in normal mode (i.e., for system mode 
only memory data for the operating system). 


CS/CAS Waveform select 


Control register bit 5 (BOCAS, B1CAS, and B2CAS) is 
used to specify waveform mode output from the chip 
select pin (CSO/CASO - CS2/CAS2). Setting this bit to 
0 specifies CSO to CS2 waveforms; setting it to 1 
specifies CASO to CAS2 waveforms. 


Resetting clears bit 5 to 0. 


Data bus size select 


Bit 4 (BOBUS, B1BUS, and B2BUS) of the control reg- 


ister is used to specify data bus size. Setting this bit to 
O accesses the memory in 16-bit data bus mode; set- 
ting it to 1 accesses the memory in 8-bit data bus 
mode. 

Changing data bus size depending on the access 
address is called dynamic bus sizing. Table 3.6 (2) 
shows the details of the bus operation. 


Wait control 


Control register bits 3 and 2 (BOW1, 0; B1W1, 0; B2W1, 
0) are used to specify the number of waits. Setting these 
bits to 00 inserts a 2-state wait regardless of the WAIT 
pin status. Setting them to 01 inserts a 1-state wait 
regardless of the WAIT status. Setting them to 10 
inserts a 1-state wait and samples the WAIT pin status. 
If the pin is low, inserting the wait maintains the bus 
cycle until the pin goes high. Setting them to 11 com- 
pletes the bus cycle without a wait regardless of the 
WAIT pin status. 

Resetting sets these bits to 00 (2-state wait mode). 


Address area specification 


Control register bits 1 and O (BOC1, 0; B1C1, 0; B2C1, 
0) are used to specify the target address area. Setting 
these bits to 00 enables settings (CS output, Wait 
state, Bus size, etc.) as follows: 


* CSO setting enabled when 7FOOH to 7FFFH is 
accessed. 

* CS1 setting enabled when 480H to 7FFFH is 
accessed. 

* CS2 setting enabled when 8000H to 3FFFFFFH is 
accessed, for the TMP96C 141, which does not have a 
built-in ROM. 


CS2 setting enabled when 10000H to SFFFFFH is 
accessed for the TMP96CM40/TMP96PM40, which 
has built-in 

ROM/PROM 

Setting bits to 01 enables setting for all CS’s blocks 
and outputs a low strobe signal (CSO/CASO ~ CS2/ 
CAS2) from chip select pins when 400000H to 
7FFFFFH is accessed. Setting bits to 10 enables them 
800000H to BFFFFFH is accessed. Setting bits to 11 
enables them when COOOOOH to FFFFFFH is 
accessed. 
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Table 3.6 (1) Chip Select/Wait Control Register 
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Code Name Address 7 6 5 4 3 2 1 0 
BOE BOSYS BOCAS BOBUS BOW1 BOWO BOC1 BOCO 
Block0 W W W W W W W W 
0 0 0 0 0 0 0 0 
pocs _| CS/WAIT 0068H uae 
control 1:CS/CAS | 1: SYSTEM 0: CSO 0: 16-bit 00 : 2WAIT 00 : 7FOOH ~ 7FFFH 
register Enable only 1: CASO Bus 01: 1WAIT 01 : 400000H ~ 
1: 8-bit 10: 1WAIT +n 10 : 800000H ~ 
Bus 11: OWAIT 11: COOO00H ~ 
BIE BiSYS BiCAS B1BUS BiW1 BiWwo BiC1 BiCO 
Block’ W W W W W W W W 
0 0 0 0 0 0 0 
pics _| CSMWAIT 0069H me ! 
control 1:CS/CAS | 1: SYSTEM 0: CS1 0: 16-bit 00 : 2WAIT 00 : 480H ~ 7FFFH 
register Enable only 1: CAS1 Bus 01: 1WAIT 01 : 400000H ~ 
1: 8-bit 10: 1WAIT +n 10 : 800000H ~ 
Bus 11: OWAIT 11 : COOO00H ~ 
B2E B2SYS B2CAS B2BUS B2W1 B2W0 B2C1 B2C0 
Block2 W W W W W W W W 
1 0 0 0 0 0 0 
pecs _| CS/WAIT O06AH —_ : 
control 1: CS/CAS | 1: SYSTEM 0: CS2 0: 16-bit 00 : 2WAIT 00 : 8000H ~ 
register Enable only 1: CAS2 Bus 01 : 1WAIT 01 : 400000H ~ 
1: 8-bit 10: 1WAIT +n 10 : 800000H ~ 
Bus 11: OWAIT 11: COO000H ~ 
jote: With only block 2, enable (16-bit data bus, 2-wait mode) after reset. 
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Table 3.6 (2) Dynamic Bus Sizing 


Operand Operand Memory CPU Address CPU Data 

Data Size Start Address Data Size D15 - D8 D7 - DO 
2n+0 8 bits 2n+0 XXXXX b7 - b0 
8 bits (even number) 16 bits on +0 XXXKK b7 - b0 
2n+1 8 bits an+1 XXXXX b7 - b0 

(odd number) 16 bits on+1 b7 -b0 X00 
8 bits 2n+0 XXXXX b7 - b0 
2n+0 an+1 XXXXX b15 - b8 
(even number) 16 bits 2n+0 b15 - b8 b7 - b0 
16 bits 8 bits an+1 XXXXX b7 - b0 
an+1 an+2 XXXXX b15 - b8 

(odd number) on+1 b7 - b0 XXXXX 
IS SIIS on +2 XXXXX b15 - b8 
2n+0 XXXXX b7- b0 
an+1 XXXXX p15 - b8 
2:0 i ae = ae 

(even number) ue ua 
: 2n+0 015 - b8 b7- b0 
16 bits an+2 31 - b24 023 - b16 
32 bits 

an+1 XXXXX b7- b0 
an+2 XXXXX p15 - b8 
ned 8 bits an+3 XXXXX b23 - b16 
(odd number) an+4 XXXXX b31 - b24 

an+1 b7 - b0 XXXXX 
46 bits an+2 023 - b16 015 - b8 
an+4 XXXXX b31 - b24 

xxxxx: During a read, data input to the bus is ignored. At write, the bus is at high impedance and the write strobe signal remains non-active. 
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3.6.2 Chip Select Image 


An image of the actual chip select is shown below. Out of the 
whole memory area, address areas that can be specified are 
divided into four parts. Addresses from OOOOQOOH to 3FFFFFH 
are divided differently: 7FOOH to 7FFFH is specified for CSO; 
480H to 7FFFH, for CS1; and 8000H to 3FFFFFH, for CS2. 
The reason is that a device other than ROM (i.e., RAM or I/O) 
might be connected externally. 

The addresses 7FOO to 7FFFH (256 bytes) for CSO are 
mapped mainly for possible expansions to external I/O. 

The addresses 480H to 7FFFH (approximately 31K 
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bytes) for CS1 are mapped there mainly for possible exten- 
sions to external RAM. 

The addresses 8000H to 8FFFFFFH (approximately 
4Mbytes) for CS2 are mapped mainly for possible extensions 
to external ROM. After reset, CS2 is enabled in 16-bit bus and 
2-wait. With the TMP96C141AF, which does not have a built- 
in ROM, the program is externally read at address 8000H in 
this setting (16-bit bus, 2-wait). With the TMP96CM40F/ 
TMP96PM46F, which has a built-in ROM, addresses from 
8000H to FFFFFH are used as the internal ROM area; CS2 is 
disabled in this area. After reset, the CPU reads the program 
from the built-in ROM in 16-bit bus, O-wait mode. 


Cs CST Cs2 

000000H 

7FOOH B1C1, 0 = “00” 

8000H BOC1, 0 = “00” 
400000H B2C1, 0 = “00” 
800000H BOC1, 0 = “01” B1C1, 0 = “01” B2C1, 0 = “01” 
C00000H BOC1, 0 = “10” B1C1, 0 = “10” B2C1, 0 = “10” 
FFFFFFH BOC1, 0 = “11” B1C1, 0 = “11” B2C1, 0 = “11” 

(Mainly for 1/0) (Mainly for RAM) (Mainly for ROM) 


Supplement 1: 
Supplement 2: 


Access priority is highest for built-in I/O, then built-in memory, and lowest for the chip select/wait controller. 
External areas other than CSO to CS2 are accessed in 16-bit data bus (O wait) mode. 


When using the chip select/wait controller, do not specify the same address area more than once. (However, when addresses 7FOOH - 7FFFH 
for CSO and 480H - 7FFFH for CS1 are specified, in other words, specifications overlap, only the CSO setting/pin is active.) 
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3.6.3 Example of Usage nected to the TMP96C141AF. In this example, a ROM is con- 
Figure 3.6 (1) is an example in which an external memory is con- nected using 16-bit Bus; a RAM is connected using 8-bit Bus. 


D Q 
UE nae 
cs 
Upper byte 
D Q __ ROM 
OE 


Figure 3.6 (1). Example of External Memory Connection (ROM = 16 bits, RAM and I/O = 8 bits) 


TMP96C141 Address bus 


cs 


Lower byte 


_. ROM 
OE 
O 


Resetting sets pins CSO to CS2 to input port mode. CSO low due to an internal pull-down resistor. The program used to 


and CS7 are set high due to an internal pull-up resistor; CS2, set these pins is as follows: 
PACR EQU  OEH 
P4FC EQU 10H 
BOCS EQU 68H 
BICS EQU 69H 
B2CS EQU  6AH 
LD (BOCS), 90H ; CSO = 8 bits, 2WAIT, 7FOOH ~ 7FFFH 
LD (B1CS), 9CH =; CS1 = 8 bits, OWAIT, 480H ~ 7EFFH 
LD (B2CS), 84H  CS2 = 16 bits, 1WAIT, 8000H ~ 3FFFFFH 
oe Pach Oe ) CSO, CST, CS2 output mode setting 
LD (P4FC), 07H 
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3.6.4 How to Start with an 8-Bit Data Bus 


Resetting sets the CS2 pin low due to an internal pull-down 
resistor; memory access starts in 16-bit data bus (2-wait) 


B2CS EQU 6AH 
ORG  8000H 
LDX —— (B2CS), 9CH 


After reset, the program reads the LDX (B2CS), 9CH 
instruction in 16-bit data bus mode. LDX is a 6-byte instruc- 
tion: the 2nd, 4th and 6th bytes are handled as dummies (i.e., 
only codes in the 1st, 8rd and 5th bytes are actually used). 
Even if starting in 8-bit data bus mode, it is possible to pro- 
gram so that the LDX instruction is executed and the block 2 


Address latch 
TLCS-900 

(TMP96C141) Al5 
DQ § 

G A8 

AD8~15 ee 
DQ s 

G AO 

D7 

ADO~7 5 
ALE oe 
ie Geen, (cs 
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EPROM 
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mode. To start in 8-bit data bus mode, a special operation is 
required. Operation is as described in the example below: 


; CS2 register address 
; RESET address 
: CS2 8-bit, OWAIT, 8000H ~ 


area (8000H - 3FFFFFH) is accessed in 8-bit data bus mode 
without any problem. 

____ The above program does not include setting the P42/ 
CS2 pin to output; add a program to set the P4CR and P4FC 
registers as required. 


Operation after reset 


TLCS-900 


8002H 
8003H 
8004H 
8005H 


LDX (6AH), 9CH 


?? : don’t care 
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3.7 8-bit Timers 


The TMP96C141AF contains two 8-bit timers (timers O and 1), 
each of which can be operated independently. The cascade 
connection allows these timers to be used as 16-bit timer. The 
following four operating modes are provided for the 8-bit tim- 
ers. 


¢ 8-bit interval timer mode (2 timers) 
e 16-bit interval timer mode (1 timer) 


¢ 8-bit programmable square wave pulse generation (PPG : 
variable duty with variable cycle) output mode (1 timer) 


e 8-bit pulse width modulation (PWM: variable duty with con- 
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stant cycle) output mode (1 timer) 

Figure 3.7 (1) shows the block diagram of 8-bit timer 
(timer O and timer 1). 

Each interval timer consists of an 8-bit up-counter, 8-bit 
comparator, and 8-bit timer register. Besides, one timer flip- 
flop (TFF1) is provided for pair of timer O and timer 1. 

Among the input clock sources for the interval timers, the 
internal clocks of 611, @ 14, @T16, and @T256 are obtained 
from the 9-bit prescaler shown in Figure 3.7 (2). 

The operation modes and timer flip-flops of the 8-bit 
timer are controlled by three control registers TMOD, TFFCR, 
and TRUN. 
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TRUN<TORUN> 


TRUN<TIRUN> 


TFFCR<TFF1IC1,0O> 


*1 Set 
*2 Clear 
*3 Invert 


i —pP 
Software trigger [ tmert® Lr01 
TMOD<T10M1,0> 


F/F control 


Dey ty 
| LL TFFCR<TFFIIE> 
ree] | BD Selector 
| satin | tyr rL_/ || 
RUN {Clear RUN y Clear 
TI0 pin st 8-bit 8-bit t 
$T1(8/fc) —| selector up-counter up-counter TFFCR<TFFIUS> 
$T4(32/fc) = —>| (UCO) 2-4 ¢71 1 Selector (UC1) 
$716(128/fc) —>| Over e116 —> 
i A flow $1256 —> 
TMOD<TOCLK1, 0> i 4A 
TMOD<T10M1, 0, PWMM1, 0> TMOD<TICLK1, 0> 
8-bit 
comparator comparator 
(CPO) (cP1) 
ai INTTO 
TMOD<T10M1,0> 
PWMTRG ee register TREGO 8-bit timer 
TREG-WR ai register INTT1 
ra TREG1 


4 Register buffer 


TFFCR<DBEN> 


Internal bus 


Figure 3.7 (1). Block Diagram of 8-Bit Timers (Timers 0 and 1) 
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@® Prescaler 


This 9-bit prescaler generates the clock input to the 8- 
bit timers, 16-bit timer/event counters, and baud rate 
generators by further dividing the fundamental clock 
(fc) after it has been divided by 4 (fc/4). 


Among them, 8-bit timer uses four types of clock: 


$11, O14, @116, and @T256. 
This prescaler can be run or stopped by the timer 
operation control register TRUN <PRRUN>. Counting 
starts when <PRRUN+> is set to “1”, while the prescaler 
is cleared to zero, and stops operation when 
<PRRUN+> is set to “O”. Resetting clears <PRRUN> to 
“QO”, which clears and stops the prescaler. 


Cycle 
irae ic 16MHz 20MHz 
é11 (8/fc) 0.5 us 0.4us 
$14 (32/fc) 2.0us 1.6us 
é1 16 (128/fc) 8.0 us 6.4us 
$1256 (2048/fc) [_ 128 us «| 102us 
$70 gT1 gT2 gT4 TB gT16 g732 $7256 
yas oa 
0 2 3 4 5 6 7 8 


Oscillator 


circuit 


9-bit prescaler 


{ run/stop & clear 
TRUN <PRRUN> 


Figure 3.7 (2). Prescaler 


@ Up-counter 


This is an 8-bit binary counter which counts up by the 
input clock pulse specified by TMOD. 

The input clock of timer O is selected from the external 
clock from T10 pin and the three internal clocks @ T1 
(8/fc), @ T4 (B2/fc), and 116 (128/fc), according to the 
set value of TMOD register. 

The input clock of timer 1 differs depending on the 
operation mode. When set to 16-bit timer mode, the 
overflow output of timer O is used as the input clock. 
When set to any other mode than 16-bit timer mode, 
the input clock is selected from the internal clocks @11 
(8/fc), @T16 (128/fc), and @T256 (2048/fc) as well as 
the comparator output (match detection signal) of 
timer O according to the set value of TMOD register. 


Example : When TMOD <T10M1, O> = 01, the over 
flow output of timer 0 becomes the input 
clock of timer 1 (16 bit timer mode). 

When TMOD <T10M1, O> = 00 and TMOD 
<T1CLK1, 0> = 01, @T1 (8/fc) becomes 
the input of timer 1 (8 bit timer mode). 


Operation mode is also set by TMOD register. When 
reset, it is initialized to TMOD <T01M1, O> = 00 
whereby the up-counter is placed in the 8-bit timer 
mode. 

The counting and stop and clear of up-counter can be 
controlled for each interval timer by the timer operation 
control register TRUN. When reset, all up-counters will 
be cleared to stop the timers. 
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Note : 


@® Timer register 


This is an 8-bit register for setting an interval time. 
When the set value of timer registers TREGO, TREG1, 
matches the value of up-counter, the comparator 
match detect signal becomes active. If the set value is 
OOH, this signal becomes active when the up-counter 
overflows. 

Timer register TREGO is of double buffer structure, 
each of which makes a pair with register buffer. 

The timer flip-flop control register TFFCR <DBEN?> bit 
controls whether the double buffer structure in the 


Up-counter 


Comparator (CPO) 


Timer registers 0 (TREGO) 
Shift trigger 


Register buffers 0 


Internal bus 


TMP96C141 AF 


TREGO should be enabled or disabled. It is disabled 
when <DBEN> = 0 and enabled when they are set to 
1. 

In the condition of double buffer enable state, the data 
is transferred from the register buffer to the timer regis- 
ter when the 2"-1 overflow occurs in PWM mode, or at 
the PPG cycle in PPG mode. Therefore, during timer 
mode, the double buffer cannot be used. 

When reset, it will be initialized to <DBEN> = 0 to dis- 
able the double buffer. To use the double buffer, write 
data in the timer register, set <DBEN> to 1, and write 
the following data in the register buffer. 


Matching detection of PPG 


<—C [= cycle 


2n - 1 overflow of PWM 


TREGO WR 


TFFCR<DBEN> 


Figure 3.7 (3). Configuration of Timer Register 0 


Timer register and the register buffer are allocated to the same 
memory address. When <DBEN> = 0, the same value is written in 


The memory address of each timer register is as fol- 
lows. 

TREGO: 000022H 

TREG1: 000023H 
All registers are write-only and cannot be read. 


@ Comparator 


A comparator compares the value in the up-counter 
with the values to which the timer register is set. When 
they match, the up-counter is cleared to zero and an 
interrupt signal (INTTO, INTT1) is generated. If the timer 
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the register buffer as well as the timer register, while when <DBEN> 
= 1 only the register buffer is written. 


flip-flop inversion is enabled, the timer flip-flop is 
inverted at the same time. 


® Timer flip-flop (timer F/F: TFF1) 


The status of the timer flip-flop is inverted by the match 
detect signal (comparator output) of each interval timer 
and the value can be output to the timer output pins 
TO1 (also used as P71). 

A timer F/F is provided for a pair of timer O and timer 1 
and is called TFF1. TFF1 is output to TO1 pin. 
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TSRUN | T4RUN : PIRUN : PORUN | TIRUN : TORUN 


R/W 


After reset ; 0 0 0 0 


Prescaler & Timer Run/Stop CONTROL 
Function 0: Stop & Clear 


1: Run (Count up) 


Stop and clear 


Count 


PRRUN : Operation of prescaler 

TSRUN : Operation of 16-bit timer (timer5) 
T4RUN : Operation of 16-bit timer (timer4) 
P1RUN : Operation of PWM timer (PWM 1/timer3) 
PORUN : Operation of PWM timer (PWMO/timer2) 
TIRUN : Operation of 8-bit timer (timer1) 

TORUN : Operation of 8-bit timer (timerQ) 


Figure 3.7 (4). Timer Operation Control Register (TRUN) 
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T10M1 
Read/Write 


After reset 


Function 


Prohibit Read 
Modify Write 


Operation mode 


01: 16bit Timer 
10: 8bit PPG 
11: 8bit PWM 


TOMO; PWMM1 : PWMMO : TICLK1 


Source clock of timer1 
: 00: TOOTRG 
01: gT1 

: 10: 716 

! 11: g7256 


> PWM cycle 
00: 8bit Timer : 00: - 


2 01: 26-1 
 10:27-1 
14: 28-1 


: TICLKO 


Comparator output 
of timer 0 
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: TOCLK1 : TOCLKO 


Source clock of timer0 
: 00: TIO 

: 01: gT1 

: 10: T4 

i 11: gT16 


Input clock of timer 0 


External Input (TIO) 


$11 (Prescaler) 


¢14 (Prescaler) 


¢116 (Prescaler) 


TMOD 
<T10M1,0>=01 


Overflow 
output of timer 
0 


(16-bit timer 
mode) 


Set th 
timer 


00 


e operation mode of 
O and 1. 


Two 8-bit timers 
(timer 0 and timer 1) 


8-bit PWM output (timer 0) 
+ 8-bit timer (timer 1) 


Figure 3.7 (5). Timer Mode Control Register (TMOD) 
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TFFCR 
(0025H) 


Read/Write 


After reset 


: TFFIC1 TFF1CO TFFIIE 


TFFI 


_ Double | 00: Invert TEI ise ae 
urrer : :Inversion : inversion 
i 0: Disable : Olesen TFrt trigger source 
Function iV: H : ; eee 

10: Clear TFF1 :0: Disable ‘0: Timer 0 


‘1: Enable : 
: : 11: don'tcare 


: 4 : Enable 
Doe Always read as 


TFFAIS 
:TFF1 


:1: Timer 1 


Select inverse signal of timer F/F1 

(“Don’t care” except in 8-bit timer mode) 
[faces 

>= 


Inversion by 16-bit timer mode | PPG mode 
timerO match Inversion by Inversion by 
signal 


match signal of 
each timer 0 and 
timer 1 


match signal 


1 Inversion by 
timer? match 
signal 


Inversion of Timer F/F1 (TFF1) 


Disable invert 


Invert the value of TFF1 
(software inversion) 


Disable double Buffer 


Enable double Buffer 


Figure 3.7 (6). Timer Flip-Flop Control Register (TFFCR) 


Inversion by 
match and 
overflow signal 
of timer 0 
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The operation of 8-bit timers will be described below: 


(1) 8-bit timer mode 


Two interval timers O, 1, can be used independently as 
8-bit interval timer. All interval timers operate in the 
same manner, and thus only the operation of timer 1 
will be explained below. 


MSB LSB 

7 6 5 4 3 2 1 0 
TRUN eo) = X = - = a 0 = 
TMOD <« 0 0 X X 0 1 = - 
TREG1 « 0 1 0 1 0 0 0 0 
INTETIO =— 1 0 1 = 7 = i 
TRUN <« 1 X - = - - 1 - 

Note: x; don’t care —; no change 


Use the following table for selecting the input clock. 


TMP96C141 AF 


@ Generating interrupts in a fixed cycle 


To generate timer 1 interrupt at constant intervals using 
timer 1 (INTT1), first stop timer 1 then set the operation 
mode, input clock, and a cycle to TMOD and TREG1 
register, respectively. Then, enable interrupt INTT1 and 
start the counting of timer 1. 


Example: To generate timer 1 interrupt every 40 
microseconds at fc = 16 MHz, set each 
register in the following manner. 


Stop timer 1, and clear it to “0”. 
Set the 8-bit timer mode, and select #11 (0.5ys @ fc = 16MHz) as the input clock. 


Set the timer register at 40us @11 = 50H. 
Enable INTT1, and set it to “Level 5”. 
Start 


imer 1 counting. 


Table 3.7 (1) 8-Bit Timer Interrupt Cycle and Input Clock 


Input Clock Hae ai Resolution Geom Resolution 
oT (8/fc) 0.5us ~ 128us 0.5us 0.4us ~ 102.4us 0.4us 
$14 (32/fc) us ~ 512us 2us 1.6us ~ 409.6us 1.6us 

$116 (128/fc) 8us ~ 2.048ms 8us 6.4us ~ 1.638ms 6.4us 
$1256 (2048/fc) 128us ~ 32.708ms 128us 102.4us ~ 2.621ms 128us 
Note: The input clock of timer O and timer 1 are different from as follows: 
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Timer 0: T10 input, 611, @74, @T16 
Timer 1: Match Output of Timer 0, 611, ¢116, ¢T256 
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@ Generating a 50% duty square wave pulse TO1 pin at fc = 16MHz, set each register in 
the following procedures. Either timer O or 


The timer flip-flop (TFF1) is inverted at constant inter- timer 1 may be used, but this example uses 


vals, and its status is output to timer output pin (TO1). timer 1. 
Example: To output a 3.0us square wave pulse from 

7 6 5 4 3. 2 1 0 
TRUN Sam X - = = = 0 iS Stop timer 1, and clear it to “0”. 
TMOD <« 0 0 X X 0 1 SS Set the 8-bit timer mode, and select @T1 (0.5us @ fc = 16MHz) as the input clock. 
TREG1 <« 0 0 0 0 0 0 1 1 Set the timer register at 3.0us + #11 +2 =3. 
TFFCR < 1 0 1 1 Clear TFF1 to “O”, and set to invert by the match detect signal from timer 1. 
P7CR <- xX x x Xx =" Se 1 = 


) Select P71 as TO1 pin. 
P7FC <= xX x Xx x - - 1 


TRUN < 1 X SA, EP nS 


ok 
| 


Start timer 1 counting. 


Note: x; don’t care —; no change 


ci (aD Ws te ty a Pe pe (mL Lg 


TRUN 
<T1IRUN> | 
BIT7~2 
Up- 
counter BIT1 
BITO 0 1 2 3 o 1 2 3 jo] 1 2 3 [0 
Comparator \ 
timing Li 
Comparator output | 
(matching detect) js 


INTT1 y 
UC clear 
a 1a aaa | 


701 ene $$  —_______<_/ 


1 
| _1.5ys @fc = 16MHz 


Figure 3.7 (7). Square Wave (50% Duty) Output Timing Chart 
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@® Making timer 1 count up by match signal from timer 
O comparator 


Comparator output 
(Timer 0 match) 


Timer 0 up-counter 
(when TREGO = 5) 


Timer 1 up-counter 1 
(when TREG1 = 2) 
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Set the 8-bit timer mode, and set the comparator out- 
put of timer O as the input clock to timer 1. 


ess | nee | ie 


1 
Timer 1 match output a Se 


Figure 3.7 (8). Timer 1 Count Up by Timer 0 


® Output inversion with software 


The value of timer flip-flop (TFF1) can be inverted, inde- 
pendent of timer operation. 

Writing “OO” into TFFCR <TFF1C1, O> (memory 
address: 000025h of bit 3 and bit 2) inverts the value of 
TFF1. 


® Initial setting of timer flip-flop (TFF1) 


The value of TFF1 can be initialized to “O” or “1”, inde- 
pendent of timer operation. 

For example, write “10” in TFFCR <TFF1C1, O> to 
clear TFF1 to “O”, while write “O1” in TFFCR <TFF1C1, 
O> to set TFF1 to “1”. 


Note: The value of timer register cannot be read. 
16-bit timer mode 


A 16-bit interval timer is configured by using the pair of 
timer O and timer 1. 

To make a 16-bit interval timer by cascade connecting 
timer O and timer 1, set timer O/timer 1 mode register 
TMOD <T10M1, O> to “O, 1”. 

When set in 16-bit timer mode, the overflow output of 
timer O will become the input clock of timer 1, regard- 
less of the set value of TMOD <T1CLK1, O>. Table 3.7 
(2) shows the relation between the cycle of timer (inter- 
rupt) and the selection of input clock. 


Table 3.7 (2) 16-Bit Timer (Interrupt) and Input Clock 


Interrupt Cycle Interrupt Cycle 


Input Clock (at fc = 16MHz) Resolution (at fc = 20MHz) Resolution 
oT (8/fc) 0.5ps ~ 32.786ms 0.5ps 0.4us ~ 26.214ms 0.4ps 
@T4 (32/fc) 2us ~ 131.072ms 2us 1.6us ~ 104.857ms 1.6us 

$116 (128/fc) 8us ~ 524.288ms Bus 6.4us ~ 419.430ms 6.4us 
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The lower 8 bits of the timer (interrupt) cycle are set by 
the timer register TREGO, and the upper 8 bits are set 
by TREG1. Note that TREGO always must be set first. 
(Writing data into TREGO disables the comparator tem- 
porarily, and the comparator is restarted by writing 
data into TREG1.) 


Setting example: —_To generate an interrupt INTT1 every 
0.5 seconds at fc = 16MHz, set the 
following values for timer registers 


TREGO and TREG: 


When counting with input clock of 
$116 (8us @ 16MHZ2) 


0.5 sec + 8us = 62500 = F424H 


Therefore, set TREG1 = F4H and 
TREGO = 24H, respectively. 


Value of up-counter 
(UC1, UCO) 


Timer 0 comparator 
match detect signal 


The comparator match signal is output from timer O 
each time the up-counter UCO matches TREGO, where 
the up-counter UCO is not to be cleared. 

With the timer 1 comparator, the match detect signal is 
output at each comparator timing when up-counter 
UC1 and TREG1 values match. When the match 
detect signal is output simultaneously from both com- 
parators of timer O and timer 1, the up-counters UCO 
and UC1 are cleared to “O”, and the interrupt INTT1 is 
generated. If inversion is enabled, the value of the timer 
flip-flop TFF1 is inverted. 


Example: When TREG1 = 04H and TREGO = 80H 


OOOOH O080H 0180H 0280H 0380H 0480H 


eee) | CORO [rere | Meet | eee | eae 


Interrupt INTT1 | 


Timer output TO1 X Inversion 


Figure 3.7 (9). Output Timer by 16-Bit Timer Mode 


8-bit PPG (Programmable Pulse Generation) Output 
mode 


Square wave pulse can be generated at any frequency 
and duty by timer O and timer 1. The output pulse may 
be either low-active or high-active. In this mode, timer 
1 cannot be used. 


Timer O outputs pulse to TO1 pin (also used as P70). 


In this mode, a programmable square wave is gener- 
ated by inverting timer output each time the 8-bit up- 


counter (UCO) matches the timer registers TREGO and 
TREG1. 


However, it is required that the set value of TREGO is 
smaller than that of TREG1. 


Though the up-counter (UC1) of timer 1 is not used in 
this mode, UC1 should be set for counting by setting 
TRUN <T1RUN> to 1. 


Figure 3.7 (11) shows the block diagram for this mode. 
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TREGO and UCO match 
(Interrupt INTTO) 


TREG1 and UCO match 
(Interrupt INTT1) 


TO1 


Figure 3.7 (10). 8-Bit PPG Output Waveforms 


TOI 


TIO pin —» TRUN<TORUN> 


¢gtl1 —> 
¢14 — >| Selector 
6116 —> 


8-bit ~<— TFFCR<TFFIIE> =1 


up-counter (UCO) 


Inversion 


TMOD <TOCLK1,0> 


INTTO 


INTT1 


TREG 0 


reson] Shift trigger 


Register buffer 


4 
TFFCR<DBEN> 7: 


Figure 3.7 (11). Block Diagram of 8-Bit PPG Output Mode 


TREG 1 


- 


Internal bus 
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When the double buffer of TREGO is enabled in this Use of the double buffer makes easy handling of low duty 
mode, the value of register buffer will be shifted in TREGO each waves (when duty is varied). 
time TREG1 matches UCO. 


Match with TREGO 
and up-Counter 
(Up-counter = Q;) (Up-counter = Q)) 


Match with TREG 1 
Shift from register buffer 


TREGO 
(Value to be compared) 
Registe buffer Q2 Q3 
\ TREG 0 (register buffer) 
write 


Figure 3.7 (12). Operation of Register Buffer 


Example: Generating 1/4 duty 5S0KHz pulse @ fc = 16MHz) 


poe label i Drees ema 


| 20s | 
e Calculate the value to be set for timer register. TREG1 = 40 = 28H and then duty to 1/4, tx 1/4 = 
To obtain the frequency 5OKHz, the pulse cycle t 20us x 1/4 = 5us 
should be: t = 1/50KHz = 20us. 5us + 0.5us = 10 
Given @T1 = 0.5us @ 16MH2), Therefore, set timer register O (TREGO) to TREGO = 10 
20us = 0.5us = 40 = OAH. 


Consequently, to set the timer register 1 (TREG1) to 


7 6 5 4 3 2 1 0 
TRUN fa Xx - - - - 0 0 Stop timer 0, and clear it to “0”. 
TMOD <- 1 0 X X X X 0 1 Set the 8-bit PPG mode, and select 11 as input clock. 
TREGO <- 0 0 0 0 1 0 1 0 Write “OAH”. 
TREG1 <« 0 0 1 0 1 0 0 0 Write “28H”. 
TFFCR <= - 1 o 1 1 X Sets TFF1 and enables the inversion and double buffer enable. 
> Writing “10” provides negative logic pulse. 
EIR ee a Ee Bee 2 ) Set P71 as 101 pin. 
P7FC < xX x Xx x ae Oe 1 
TRUN | x = - - - 1 1 Start timer 0 and timer 1 counting. 
Note: x; don’t care —; no change 
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(4) — 8-bit PWM Output mode O>) counter overflow occurs. Up-counter UCO is 
cleared when 2n - 1 counter overflow occurs. For 
example, when n = 6, 6-bit PWM will be output, while 
when n = 7, 7-bit PWM will be output. 

To use this PWM mode, the following conditions must 
be satisfied. 


This mode is valid only for timer O. In this mode, maxi- 
mum 8-bit resolution of PWM pulse can be output. 
PWM pulse is output to TO1 pin (also used as P71) 
when using timer O. Timer 1 can also be used as 8-bit 
timer. (Set value of timer register) <(Set value of 2” - 1 
Timer output is inverted when up-counter (UCO) 
matches the set value of timer register TREGO or when 
2n- 1 (n=6, 7, or 8; specified by TO1MOD <PWMO1, (Set value of timer register # 0) 


counter overflow) 


TREGO and 
UCO match 


2n-1 


overflow 
(interrupt INTTO) 


TO1 
tpwm 


(PWM cycle) 


Figure 3.7 (13). 8-Bit PWM Waveforms 
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Figure 3.7 (14) shows the block diagram of this mode. 


TO1 
TRUN <TORUN> 
TIO —> 
8-bit up-counter TFFCR 
¢T1—> <TFFIC1, 0 
cl TFF 0, 
g14—»| Selector (UC) eel. TFF IIE, TFFAIS > 
$716 —> 
20-4 TMOD nase 
<T10M1,0>=11 
TMOD <TOCLK1,0> overflow TMOD 
control <PWMM1,0> 
Overflow 
Comparator 
[ > INTTO 
Selector ift trigger 
TREGO-WR-> 
Register buffer 
TFFCR <DBEN> 
Internal bus 
Figure 3.7 (14). Block Diagram of 8-Bit PWM Mode 
In this mode, the value of register buffer will be shifted in Use of the double buffer makes the handling of small duty 


TREGO if 2" - 1 overflow is detected when the double buffer of waves easy. 
TREGO is enabled. 


Match with TREGO | | | | 


Up-counter = Q, Up-counter = Q2 


2 - 1 overflow 


Shift into TREGO 


TREG O 
(value to be compared) 


Register buffer Q2 Q3 
, a TREGO (register buffer) write 


Figure 3.7 (15). Operation of Register Buffer 


Example: To output the following PWM waves to TO1 pin at fc = 16MHz. 


To realize 63.5us of PWM cycle by ¢11 = 0.5us (@ fc = 
16MHz), 


a es a a: i 63.5us + 0.5us = 127 = 2" - 1 


| a0 | Consequently, n should be set to 7. 
63.5 ys As the period of low level is 36us, for ¢T1 = 0.5us, set the 
following value for TREGO: 


i i 79 
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MSB LSB 
7 6 5 4 3 2 1 0 
TRUN <& - Xx 0 Stop timer 0, and clear it to “0”. 
TMOD - 1 1 1 0 = tt * AD 1 Set 8-bit PWM mode (cycle: 2” - 1) and select 11 as the input clock. 
TREGO « 0 1 0 0 1 0 0 0 Write “48H”. 
TFFCR = xX Xx x x 1 0 1 X Clears TFF1, enables the inversion and double buffer. 
P7CR <— xX Xx x x - - 1 - : 
) Set P71 as the T01 pin. 
P7FC - xX X x x - = 1 Xx 
TRUN — 1 X 1 Start timer 0 counting. 
Note: x; don’t care —; no change 
Table 3.7 (3) PWM Cycle and the Setting of 2" -1 Counter 
PWM Cycle (@ fc =16MHz) PWM Cycle (@ fc = 20 MHz) 
grt gT4 gT16 | oT4 ¢116 
26-4 31.5usec (31.7kKHz) — 126msec (7.9kHz) 0.50usec (1.9kHz) 25.2usec (39.0kHz)  100usec (10.0kHz) 0.40msec (2.4kHz) 
2!-4 63.5ysec (15.7kKHz)  254msec (3.9kHz) 1.01usec (0.98kHz) 50.8usec (19.7kHz)  203usec (4.9kHz) 0.81msec (1.2kHz) 
28.4 127usec § (7.8kHz) — 510msec (1.9kHz) 2.04usec (0.49kHz) 102usec (9.80kHz) 408usec (2.4kHz) 1.63msec (0.61kHz) 
(5) Table 3.7 (4) shows the list of 8-bit timer modes. 
Table 3.7 (4) Timer Mode Setting Registers 
Register Name TMOD TFFCR 
Name of Function in T10M PWMM TICLK TOCLK TFF1IS 
: F Upper Timer Lower Timer Timer F/F Invert 
ranean Himornade EWR Gyele Input Clock Input Clock Signal Select 
External clock, 
16-bit timer mode 01 7 = O11, @14, o116 = 
(00, 01, 10, 11 
Lower timer match : External clock ; 
oe) 0: Lower timer output 
yee > @T1, #116, @T256 oT, @14, o116 : 
8-bit timer x 2 channels 00 (00, 01, 10, 11) (00, 01, 10, 11 1: Upper timer output 
External clock, 
8-bit PPG x 1 channel 10 = = oT, o14, o116 = 
(00, 01, 10, 11 
’ A External clock, 
es Resa | gl1, 914, g116 
8-bit PWM x 1 channel 11 (01, 10, 11) - (00, 01, 10, 11 = 
apaee 7 gT1, #116, ¢T256 = ‘ 
8-bit timer x 1 channel 11 (01, 10, 11) Output disabled 
Note: -: don’t care 
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3.8 8-Bit PWM Timer 


The TMP96C141AF/TMP96CM40F/TMP96PM40F has two 
built-in 8-bit PWM timers (timers 2 and 3). 
They have two operating modes. 


¢ 8-bit PWM (pulse width modulation: variable duty at fixed 


interval) output mode 
¢ 8-bit interval timer mode 
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Figure 3.8 (1) is a block diagram of 8-bit PWM timer (tim- 
ers 2 and 8). 

PWM timers consist of an 8-bit up-counter, 8-bit com- 
parator, and 8-bit timer register. Two timer flip-flops (TFF2 for 
timer 2 and TFF8 for timer 3) are provided. 

Inout clocks @P1, @P4, and @P16 for the PWM timers can 
be obtained using the built-in prescaler. 

PWM timer operating mode and timer flip-flops are con- 
trolled by four control registers (POMOD, P1MOD, PFFCR, and 
TRUN). 
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TRUN <PRRUN> 


fo/2 PWM dedicated 
prescaler 


gP1 gP4 gP16 F/F2 


(fc/4) (fc/16) (fc/64) POMOD <PWMOM> 


TRUN <PORUN> 


Selector 


gP1—> 
gP4 > Clock 
$P16—> control 


Overflow 


ff 


Interrupt 
control 


t 


8-bit timer register 
TREG2 


Shift trigger 


Register buffer 


Register write 
POMOD <DB2EN> 


Internal bus 


Figure 3.8 (1). Block Diagram of 8-Bit PWM Timer 0 (Timer 2) 


Note: Block diagram for 8-bit PWM timer 1 (timer 3) is the same as the above diagram. 


TMP96C141 AF 


PWM2-OUT 
(TO2) 


{ { PFFCR <FF2C1,0> 
PFFCR <FF2TRG1, 0> 


INTT2 


POMOD <PWMOINT> 
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@® Prescaler 


Generates input clocks dedicated to PWM timers by 
further dividing the fundamental clock (fc) after it has 
been divided by 2 (fc/2). Since the register used to 
control the prescaler is the same as the one for other 
timers, the prescaler cannot be operated indepen- 
dently. 


The PWM timer uses three input clocks: ¢/P1, @/P4, 
and @/P16. 

Like the 9-bit prescaler described in the 8-bit timer 
section, this prescaler can be counted/stopped using 
bit 7 <PRRUN> of the timer operation control register 
TRUN. Setting <PRRUN> to 1 starts counting; setting 
it to O zero-clears and stops counting. Resetting clears 
<PRRUN+> to 0, which clears and stops the prescaler. 


Dedicated Prescaler Cycle 


16MHz 20MHz 
gP1 = (4/fc) 250ns 200ns 
gP4 (16/fc) lus 800ns 
gP16 (64/fc) Aus 3.2usc 


Oscillator 


circuit Me 


Prescaler 


trun/stop & clear 
TRUN <PRRUN> 


Figure 3.8 (2). Prescaler 


@ Up-counter 


An 8-bit binary counter which counts up using the 
input clock specified by PWM mode register (POMOD 
or P1MOD). 

The input clock for the PW/M0O/PWM1 is selected from 
the internal clocks @P1, ¢P4, and P16 (PWM dedci- 
cated prescaler output) depending on the value set in 
the POMOD/P1MOD register. 

Operating mode is also set by POMOD and P1MOD 
registers. At reset, they are initialized to POMOD 
<PWMOM> = 0 and P1MOD <PWM1M> = 0, thus, the 
up-counter is in PWM mode. In PWM mode, the up- 
counter is cleared when a 2" - 1 overflow occurs; in 
timer mode, the up-counter is cleared at compare and 
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match. 

Count/stop and clear of the up-counter can be con- 
trolled for each PWM timer using the timer operation 
control register TRUN. Resetting clears all up-counters 
and stops timers. 


® Timer registers 


Two 8-bit registers used for setting an interval time. 
When the value set in the timer registers (TREG 2 and 
3) matches the value in the up-counter, the match 
detect signal of the comparator becomes active. 
Timer registers TREG2 and TREGS are each paired 
with register buffer to make a double buffer structure. 
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Note: 


TREG2 and TREGS are controlled double buffer 
enable/disable by POMOD <DB2EN> and P1MOD 
<DBSEN> : disabled when <DB2EN>/<DB3EN> = 0, 
enabled when <DB2EN>/<DBS3EN> = 1. 

Data is transferred from register buffer to timer when a 
2" - 1 overflow occurs in the PWM mode, or when 
compare and match occurs in 8-bit timer mode. That 
is, with a PWM timer, the timer mode can be operated 


Up-counter 


Timer register (TREG2/3) 


Write 


Internal bus 


Shift trigger 
| i 
| Register buffer | Selector 
ee el TREG2/3 WR 
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in double buffer enable state, unlike timer mode for 
timers O and 1. 

At reset, <DB2EN>/<DB3EN+> is initialized to 0 to dis- 
able double buffer. To use double buffer, write the data 
in the timer register at first, then set <DB2EN>/ 
<DB83EN> to 1, and write the following data in the reg- 
ister buffer. 


8-bit match detect 
PWM2?-1overflow 


<DB2EN>/<DB3EN> 


Figure 3.8 (3). Structure of Timer Registers 2 and 3 


The timer register and register buffer are allocated to the same 
memory address. When <DB2EN>/<DBS3EN> = 0, the same value 
is written to both register buffer and timer register. When <DB2EN>/ 
<DB3EN> = 1, the value is written to the register buffer only. 


Memory addresses of the timer registers are as follows: 
TREG2 : 000026H 
TREGS3 : 000027H 
Both timer registers are write only; however, register 


buffer values can be read when reading the above 
addresses. 


@ Comparator 


Compares the value in the up-counter with the value in 
the timer register (TREG2/TREG3). When they match, 
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the comparator outputs the match detect signal. A 
timer interrupt (INTT2/INTT3) is generated at compare 
and match if the interrupt select bit <PWMO1NT>/ 
<PWMI1NT> of the mode register (POMOD/P1MOD) is 
set to 1. In timer mode, the comparator clears the up- 
counter to O at compare and match. It also inverts the 
value of the timer flip-flop if timer flip-flop invert is 
enabled. 


© Timer flip-flop 


The value of the timer flip-flop is inverted by the match 
detect signal (comparator output) of each interval timer 
or 2" - 1 overflow. The value can be output to the timer 
output pin TO2/TOS (also used as P72/P78). 
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FF2RD | DB2EN | PWMOINT: PWMOM . T2CLK1 | T2CLKO 


POMOD J bit symbol! 
(0028H) 


Read/Write 


ee ee ee ee 


After reset 


Flip-flop 1: Double sees ey : 00: gP1 (fe/4) : 00: 26-1 
(F/F2) ? Buffer2: Over OWE -MOCE | on: gPa (fe/16) 04: 27-1 


. : : interrupt : 1: Tim : 
Function loutput | Enable : EE TIMer 40: gP16 (fc/64) £10: 28-1 
: :1: compare : mode : : 
data : : @match : : 11: Don’t care : 11: Don't care 


interrupt : 


Read-modify-write is 
prohibited. 
Select PWM0O cycle 


¢ P'1 (fc/4) 


$ PA (fc/16) 


$ P16 (fc/64) 


Don't care 


ne ee ee PWM timer Flip-flop2 (TFF2) 


output value (TO2) 


Figure 3.8 (4). 8-Bit PWMO Mode Control Register 
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a 


(0029H) 


Read/Write 


Read-modify-write is 
prohibited. 


FF3RD 


After reset - 0 : 0 : 0 0 : 0 0 0 
Flip-flop !1: Double :0: 2"! 0: oan : 00: $P1 (fc/4) : 00: 26-1 
: ‘ fl > mode : : 
(F/F3) Buffers verrupt |. 01: gP4 (fc/16) £01: 27-1 
Function | output Enable | iV: Timer: 40: gP16(fe/64) 10: 28-1 
:1: Compare : mode: : 
data aad : : 11: Don't care : 11: Don’t care 
match : 
interrupt: 


DB3EN = PWMIINT : T3CLK1 } T3CLKO | PWMI1S1 : PWMI1SO 


Select PWM 1 cycle 
26-4 


27-1 


28-4 


Don't care 


Select PWM11 input clock 
00 |¢ P1 (fc/4) 


$ PA (fc/16) 


$ P16 (fc/64) 


Overflow interrupy 


Compare and match 
interrupt 


> Control double buffer 


Disable 


enable 


—»> PWM timer Flip-flop3 (TFF3) 
output value (TO3) 


Figure 3.8 (5). 8-Bit PWM1 Mode Control Register 
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bit Symbol 


FF3C1_ | FF3CO : FF3TRG1 : FF3TRGO | FF2C1 : FF2CO | FF2TRGI : FF2TRGO 


Read/Write 


After reset 


00: Don’t care :00 : Disable TFF3 inverted. : 00: Don't care 00 : Disable TFF2 inverted. 
01: Set TFF3 :01 : Invert by match. : 01: Set TEF2 [01 : Invert by match. 


Function 10: Clear TFF3 10 : Set by match; : 10: Clear TFF2 :10 : Set by match ; 
: clear by overflow, : : clear by overflow, 


: : 11: Don't care : 
11: Clear by match ; : [11 : Clear by match; 
; : : set by overflow. 


11: Don't care 


set by overflow. 


Select PWM timer F/F2 (TFF2) trigger 


Disable TFF2 trigger. 


Invert by compare and match. 


Set by compare and match. 
Clear by 2"- 1 overflow. 
Clear by compare and match. 
Set by 29-1 overflow. 


Control PWM timerF/F2 (TFF2) 
Don't care 
Set TFF2 to “1". 
Clear TFF2 to “0”. 


Don’t care 


Select PWM timer 
|______, F/F3 (TFF3) trigger 


Disable TFF3 tri 


Invert by compare and match. 


Set by compare and match. 
Clear by 2"- 1 overflow. 


Clear by compare and match. 
Set by 2"~' overflow. 


{= Control PWM timerF/F2 (TEF2) 


Don’t care 


Set TFF3 to “1”. 


Clear TFF3 to “0”. 


Don’t care 


Figure 3.8 (6). 8-Bit PWM F/F Control Register 
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TRUN PORUN T1IRUN TORUN 


(0020H) 


TSRUN T4RUN 


P1RUN 


ee 


Read/Write 


7 2 6 : 
RW 


After reset 


Prescaler & Timer Run/Stop CONTROL 
0: Stop & Clear 
1: Run (Count up) 


Function 


8-bit timer (timer0) operation 
Stop & clear 


Count 


Stop & clear 


Count 


Stop & clear 


Count 


Stop & clear 


Count 


Stop & clear 


Count 


Stop & clear 


Count 


Figure 3.8 (7). Timer Operation Control Register (TRUN) 
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The following explains PWM timer operations. 


(1) 


PWM timer mode 


Both PWM timers can output 8-bit resolution PWM 
independently. Since both timers operate in exactly the 
same way, PWMO is used for purposes of explanation. 


PWM output changes under the following two condi- 
tions. 


Condition 1: 
e TFF2 is cleared to O when the value in the up- 
counter (UC2) and the value set in the TREG2 
match. 
e TFF2 is set to 1 when a 2" - 1 counter overflow (n 
= 6, 7, or 8) occurs. 


Condition 2: 
e TFF2 is set to 1 when the value in the up-counter 
(UC2) and the value set in TREG2 match. 
e TFF2 is cleared to 0 when a 2" - 1 counter over 
flow (n = 6, 7, or 8) occurs. 


The up-counter (UC2) is cleared by a 2" - 1 counter 
overflow. 

The PWM timer can output 0% - 100% duty pulses 
because a 2" - 1 counter overflow has a higher priority. 
That is, to obtain 0% output (always low), the mode 
used to set TFF2 to 0 due to overflow (PFFCR 
<FF2TRG1, O> = 1, 0) must be set and 2" - 1 (value for 
overflow) must be set in TREG2. To obtain 100% out- 
put (always high), the mode must be changed: PFFCR 
<FF2TRG1, O> = 1,1 then the same operation is 
required. 


PWM timing 
ewhi colina met) 22X21 Xzo\ 9 _ 
Timing in Match detect ee |) ee eee 
detail 
20-1overflow a eee 
counter clear 
Match detect 
Overall 
timing 2"-1overflow 
(Note) 
Timer F/F output 


(TO2/TO3) 


Figure 3.8 (8). Output Waves in PWM Timer Mode 


Note: The above waves are obtained in a mode where the F/F is set by a match with the timer register (TREG) and reset by an overflow. 
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Figure 3.8 (9) is a block diagram of this mode. 


Clock control 


hie 


POMOD<T2CLK1, 0> 


8-bit up-counter 
(UC2) 


POMOD 
<PWM0S1,0> 


2"-1overflow 


control overflow 


overflow 


8-bit 
comparator 
(CP2) 


Katee PFFCR<FF2TRG1, 0> 
PFFCR<FF2C1,0> 


! 


Timer TO2 
F/F 
control 


8-bit 
timer register 
(TREG2) 


Shift trigger 
ee if Interrupt 


Register buffer INT Ea 
control 


POMOD<PWMOINT> 


B 


Selctor 
¥: 
A 


TREG2 WR ———> s 


POMOD<DB2EN> 


Internal bus 


Figure 3.8 (9). Block Diagram of PWM Timer Mode (PWMO) 


In this mode, enabling double buffer is very useful. The Using double buffer makes handling small duty waves 
register buffer value shifts into TREG2 when a 2" -1 overflow easy. 
is detected, when double buffer is enabled. 


Match with TREG2 


2n-4 (Up-counter = Q1) (Up-counter = Q2) 
overflow 
Shift from register buffer 
TREG 2 


(Compared value) 
Register buffer Q2 Q3 


i Register buffer write 


Figure 3.8 (10). Register Buffer Operation 
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Example: To output the following PWM waves to TO2 pin 


TRUNT . 25, (Gn =e. GX ky ae” SR Me 
PMO «— - 0 0 0 0 0 0 1 


TREG2 < 0 0 1 1 1 1 0 0 


POMOD <¢«& -— 1 0 0 0 0 0 1 
PFFCR « 0 1 1 1 
P7CR — xX Xx x Xx - 1 - 
P7FC <= xX Xx Xx Xx - 1 - 
TRUN en | X - = - 1 - - 


Note: x; don’t care —; no change 


using PWM0O at fc = 16MHz. 


To implement 31.75us PWM cycle by @P1 = 0.25us (@ fc 
= 16MHz) 


31.75us + 0.25us = 127 = 2" -1. 


Consequently, set n to 7. 
Since the low level cycle = 15s; for @P1 = 0.25us 


15us + 0.25 = 60 = 3CH 


set the 38CH in TREG2. 


Stops PWMO and clears it to 0. 
Sets PWM (2! - 1) mode, input clock @P1, overflow interrupt, and disables double buffer. 


Writes 3CH. 
Enables double buffer. 
Sets TFF2 and a mode where TFF2 is set by compare and match, and cleared by overflow. 


) Sets P72 as the T02 pin. 


Starts PWMO counting. 


Table 3.8 (1) PWM Cycle and 2" -1 Counter Setting 


16MHz 20MHz 
Formula 

gP1 gP4 gP16 gP1 gP4 gP16 

26-4 264 - gPn 15.8usec 63.0usec 252usec 12.6usec 50.4usec 201 psec 
(63kHz) (16kHz) (3.9kHz) (79kHz) (20kHz) (4.9kHz) 

oe] 2!-4 - @Pn 31.8usec 127 Ousec 508usec 25.4usec 101.6usec 406usec 
(31kHz) (7.9kHz) (1.9kHz) (39kHz) (9.8kHz) (2.5kHz) 

284 ee gPn 63.8pusec 295.0usec 1020psec 51.0usec 204.0usec 816usec 
(16kHz) (3.9kHz) (0.98kHz) (20kHz) (4.9kHz) (1.2kHz) 
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8-bit timer mode 


Both PWM timers can be used independently as 8-bit 
interval timers. Since both timers operate in exactly the 
same way, PWMO (timer 2) is used for the purposes of 
explanation. 


TMP96C141 AF 


@ Generating interrupts at a fixed interval 


To generate timer 2 interrupt (INTT2) at a fixed interval 
using PWM0O timer, first stop PWMO, then set the oper- 
ating mode, input clock, and interval in the POMOD 
and TREG2 registers. Next, enable INTT2 and start 
counting PWMO. 


Example: To generate a timer 2 interrupt every 40us 


at fc = 16MHz, set registers as follows: 


TRUN Go X oe - - 0 - 

POMOD < xX 0 1 1 0 0 X 

TREG2 - | 0 1 0 0 0 0 

INTEPW10 < 1 il 0 

TRUN - 4 X = 7 7 1 = 
Note: x; don’tcare -;no change 


Select an input clock using the table below. 


Stops PWM0 and clears it to 0. 
Sets 8-bit timer mode and selects @P1 (0.25us) and compare interrupt. 


Sets 40us/0.25us = AOH in timer register. 
Enables INTT2 and sets interrupt level 4. 
Starts PWMO counting. 


Table 3.8 (2) Interrupt Cycle and Input Clock Selection using 8-Bit Timer Mode 


Input Clock eae one Resolution dane i Resolution 
gP1 (4/fc) 0.25ps ~ 64us 0.25ps 0.2us ~ 51.2us 0.2us 
gP4 (16/fc) us ~ 256ps Tus 0.8us ~ 204.8us 0.8us 
oP 16 (64/tc) 4us ~ 1024us 4us 3.2us ~ 819.2us 3.2uS 
Note: To generate interrupts in 8-bit timer mode, bit 5 (interrupt control bit <PWM01NT>/<PWM1NT> of POMOD/P1MOD) must be set to 1. 
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@ Generating a 50% square wave value to the timer output pin (TO2). 

To generate a 50% square wave, invert the timer flip- Example: To output a 3.0us square wave at fc = 

flop at a fixed interval and output the timer flip-flop 16MHz from TO2 pin, set register as fol- 
lows: 


TRUN e- - Xx - 7 7 0 - - Stops PWMO and clears it to 0. 
POMOD <= x 0 1 1 0 0 x X Sets 8-bit timer mode and selects @P1 (0.25us) as the input clock. 
TREG2 <« 0 0 0 0 0 1 0 Sets 3.0us/0.25us/2 = 6 in the timer register. 
PFFCR « 1 0 1 Clears TFF2 to 0 and inverts using comparator output. 
) Sets P72 as the T02 pin. 
P7CR <- xX Xx X Xx - - 


P7FC “< xX x X x - 
TRUN << 1 X - = - 


eee ane ee on 
| 


Note: x; don’t care —; no change 


[em tO fag tf a op 
TRUN | 
Up-counter — 01 X02 X03 X04 X05 Y 06 X Yonyo2 04 Yo Yo Xo c2 ) 


Comparator 
timing 


Match 
detect 


UC clear 


Te eee tS ee ee 


TO2 
1.5 us (@fc = 16MHz) 


 —_| @] 


Figure 3.8 (11). Square Wave (50% Duty) Output Timing Chart 
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This mode is as shown in Figure 3.8 (12) below. 


fo/2 Prescaler 


8-bit up counter Clear 


(UC2/UC3) 


Clock control 


Lt 


POMOD<T2CLK1, 0>/ 
PIMOD<T3CLK1,0> 


8-bit comparator 


(CP2/CP3) 


8-bit 
timer register 
(TREG2/TREG3) 


TREG2/3 WR 
Register buffer 


POMOD<DB2EN>/ 
PIMOD<DB3EN> 


Register write 


Internal bus 


Figure 3.8 (12). Block Diagram of 8-Bit Timer Mode 


Timer F/F 
TO2/TO3 


control 


A A 


PFFCR<FF2C1,0>/ 
PFFCR<FF3C1,0> 


PFFCR<FF2TRG1,0>/ 
PFFCR<FF3TRG1, 0> 


Interrupt 


INTT2 


/INTT3 
control 


t 


POMOD<PWMOINT>/ 
PiIMOD<PWMIINT> 
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3.9 16-Bit Timer 

The TMP96C141AF has two (timer 4 and timer 5) multifunc- 
tional 16-bit timer/event counter with the following operation 
modes. 

¢ 16-bit interval timer mode 

e 16-bit event counter mode 

¢ 16-bit programmable pulse generation (PPG) mode 

e Frequency measurement mode 

e Pulse width measurement mode 

e Time differential measurement mode 
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Timer/event counter consists of 16-bit up-counter, two 
16-bit timer registers, two 16-bit capture registers (one of them 
applies double-buffer), two comparators, capture input con- 
troller, and timer flip-flop and the control circuit. 

Timer/event counter is controlled by four control regis- 
ters: T4MOD/T5MOD, T4FFCR/T5FFCR, TRUN and T45CR. 

Figure 3.9 (1) and (2) show the block diagram of 16-bit 
timer/event counter (timer 4 and timer 5). 
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S Internal bus ) 


Upper byte Lower byte Upper ll Lower byte 


Capture register 1 Capture register 2 
CAP 1 CAP2 


T4MOD<CAPIIN> 
Trigger. . 
Trigger| 


Software Capture 
> 


T4FFCR 


TRE 


T4MOD <CAP2T5, EQSTS> 


Capture | TO4 
TI4 
control 
TIS TOS 
TAMOD a : 
gl4 ——>| -bit up- 
<CAP12M1,M0> 5116 Selector 16-bit ete 
Tl4 = 
4 - KR 
TRUN<T4RUN> trigger >> 
ce TAMOD<TA4CLK1, 0> ac 
22 
Match Match 
detection detection 
Selector 
| <————_ TREG4-WR 
Register buffer4 
T45CR<DB4EN> 
Upper byte Lower byte Upper byte Lower byte 
Internal bus 
Figure 3.9 (1). Block Diagram of 16-Bit Timer (Timer 4) 
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Internal bus 


{ 


Upper byte Lower byte Upper byte 
Capture register 3 
TS5MOD<CAP3IN> cate 


Trigger 
Software Capture 


Lower byte 


TSFFCR 


Capture 
TI6 control 
TIS 
T5MOD pa v= ta 
——en . 
<CAP34M1, M0> rie Selector 16-bit up-counter 
Tl6 UuCcS 
> 
AA TRUN<TSRUN> 
nwo 
KR TSMOD<T6CLK1, 0> 
22 


Upper byte Lower byte 


TFF6 TO6 


| 


trigger EE 
99 =m 


Match Match 
Comparator detection detection 
CP6 
Selector 
Register buffer 6 
T45CR<DB6EN> 
Upper byte Lower byte 


Internal bus 


3 


Figure 3.9 (2). Block Diagram of 16-Bit Timer (Timer 5) 


) 
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feel 


Read/Write 


T4MOD CAP2T5 


(0038H) 


EQ5T5S 


After reset 


: TACLK1 


T4CLKO 


TFF5 invert trigger 
0: Disable trigger 


Function |1: Enable trigger 


Invert ‘Invert : 
when the :whenthe : 
UC value is :up-counter: 
loaded to imatches : 
CAP2 —:TREGS 


:0: Soft- 


21: don't 


Capture timing 
Capture 00: Disable 


01: TI4t TIST 


care 


10: TI4t Tia] 


H1: 


INT4 occurs at rise edge. : 


INT4 occurs at rise edge. : 


INT4 occurs at faliedge. : 


V1: TRRIT TFFIY 


INT4 occurs at rise edge. : 


Uuc4 
Clear 


Timer 4 input clock 


Timer 4 source clock 
Enable 00: TI4 

: 01: 471 
: 10: 6T4 
: 11: gT16 


External clock (TI4) 


$71 (8/fc) 


$74 (32/fc) 


$716 (128/fc) 


Clear by match with TREGS. 


Figure 3.9 (3). 16-Bit Timer Mode Controller Register (T4MOD) (1/2) 
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T4MOD |bit Symbol | CAP2TS | EQSTS | CAPIIN | CAP12M1  CAP12MO ; : TACLK1 i TACLKO 


(0038) Fear 


TFFSinverttrigger 9° aie :Capture timing i: io ! Timer 4 source clock 
: apture :00: Disabl : ear: 

0: Disable trigger : 2 ee 7 F 4 > Enable : 00: TI4 

Function a don't : occurs at rise edge. : : A 

1: Enable trigger a ate :01: T1474 TIS : : 01: gT1 

Invert LInvert INT4 occurs at rise edge. 10: gT4 

when the when the | Tee. | Hae : : 14: gT16 

UC value is: ‘up- -counter: iNT4 occurs at fall edge : : 

loaded to :matches : : Tegra FEET? : : 

CAP2 :TREGS ee : INT4 occurs at rise edge. : 


Capture timing of timer4 


i Capture control 


00 |Capture disable 


CAP1 at TI4 rise 


INT4 control 


Interrupt occurs 
at the rise edge f 
of Tl4 (INT1) 


CAP2 at TI5 rise 


CAP1 at TI4 rise at the fall edge 
of TI4 (INT) 
CAP2 at TI4 fall 


; Interrupt occurs 
CAP1 at TFF1 rise at the rise edge A 
CAP2 at TFFI fall of U4: fINTT) 


input. 


Software capture 


The up-counter4 value is loaded to CAP1 
(software capture). 


Always read as "1". 


—___________—-» Timer flip-flop 5 (TFF5) invert trigger 


Trigger disable (Invert Prohibition) 


Trigger enable (Invert permission) 


CAP2TS : Invert when the up-counter value is loaded to CAP2 
EQ5T5_ : Invert when the up-counter matches TREGS 


Figure 3.9 (4). 16-Bit Controller Register (T4MOD) (2/2) 
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Sw 


TAFFCR |bit Symbol | TFFSC1 . TFFSCO  CAP2T4 | CAPIT4 | EQST4 | EQ4T4 — TFFACI : TFF4CO 


(0039H) Read/Write 


After reset 


00: Invert TFFS : TFF4 invert trigger :00: Invert TFF4 


01:Set  —-TFF5 :0: Disable trigger (01:Set  — TFFA 
Function |10:Clear TFFS '14: Enable trigger :10: Clear TFF4 
mL 


: 2 : : 11: don’t care 
Invertwhen ‘Invertwhen :invertwhen ‘Invertwhen ; 


Always read as "11". the UC value : the UC value ‘the UC ‘the UC > Always read as 


11: don‘t care 


is loaded to : is loaded to ‘matches imatches : a ial 


CAP2 :CAPI !TREGS ITREG4 


ie ee =A — 


& Timer flip-flop 4 (TFF4) control 


Inverts the TFF4 value (software inversion). 


Sets TFF4 to "1". 


Clear TFF4 to “0”. 


Don’t care (Always read as “11") . 


Trigger disable (Invert prohibition) 


Trigger enable (Invert permission) 


CAP2T4 : Invert when the up-counter value is loaded to CAP2 
CAP1T4 : Invert when the up-counter value is loaded to CAP1 
EQ5T4_: Invert when up-counter matches TREGS 
EQ4T4_ : Invert when up-counter matches TREG4 


Los Timer flip-flop 5 (TFF5) control 

Inverts the TFF5 value (software inversion). 
Set TFF5 to “1”. 

Clear TFF5 to “0”. 


Don’t care (Always read as “11".) 


Figure 3.9 (5). 16-Bit Timer 4 F/F Control (T4FFCR) 


TOSHIBA CORPORATION 89 


TMP96C141 AF 


ey , 


:0: Soft-  :Capture timing 
: Capture :00: Disable : 
. on ‘ :  INT6 occurs at rise edge. : 
Function ASOOWE Ol:tiep. Tr 
: sare :  INT6 occurs at rise edge. ; 
: 10:TI6t = Ti6Y 
: : INT6 occurs at fall edge. : 
: STV: TREL® «TRFIY : 
: :  INT4 occurs at rise edge. : 


:1:UCS5 
: Clear 


: TSCLK1 : TSCLKO 


Timer 5 source clock 
Enable . 00: TI6 

: 01: gT1 
: 10: gT4 
: 11: g716 


Timer 5 input clock 
é11 (8/fc) 


$T4 (32/fc) 
$716 (128/fc) 


Clear disable 


External clock (TI4) 


Clear by match with TREG7 


Figure 3.9 (6). 16-Bit Timer Mode Control Register (TS5MOD) (1/2) 
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ae 


(0048) sone 


:0: Soft-  :Capture timing 

: Capture :00: Disable 

‘1: don’t 
care 


: TSCLK1 | TSCLKO 


:  INT6 occurs at rise edge 
01:76 © TI7t : 
:  INT6 occurs at rise edge : 
10: Tet Tey : 
: INT6 occurs at falledge. : 
SVU: TRFID «oTRFIY : 

INT4 occurs at rise edge. : 


Timer 5 Capture timing 


Timer 5 source clock 
00: TI6 

: 01: gT1 

: 10: 74 

: 11: gT16 


TMP96C141 AF 


Capture disable 
CAP3 at TI6 rise 
CAP4 at TI7 rise 


CAP3 at TI6 rise 
CAP4 at TI6 fall 
CAP3 at TFF1 rise 
CAP4 at TFF1 fall 


L_____, Software capture 


Capture control 


INT4 Control 


Interrupt occurs 
at the rise edge 
of TI6 (INT6) f-— 


at the rise edge 
of TI6 (INT6) 


input. 


The up-counter 5 value is loaded to CAP3. 


Always read as “1”. 


Figure 3.9 (7). 16-Bit Timer Control Register (TSMOD) (2/2) 
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TSFFCR 


After reset 


Function 


(0049H) Read/Write 


: TFF6 invert trigger 
:0: Disable trigger 
!1: Enable trigger :10: Clear TFF6 


‘invert when ‘Invert when : Invert when :Invert when : 


ithe UC value ‘the UC value : the UC :the UC 2X Always read as 
tis loaded to {is loaded to : matches : matches bs 
:CAP4 :CAP3 !TREG7 : TREG6 : 


CAP4T6 | CAP3T6 | EQ7T6 : EQ6T6 . TFF6CI | TFF6CO 


:00: Invert TFF6 
:01: Set TFF6 


711: don't care 


Timer flip-flop 6 (TFF6) control 


Inverts the TFF4 value (software inversion). 


Sets TFF6 to “1”. 


Clear TFF6 to “0”. 


Don’t care (Always read as “11") . 


Trigger disable (Invert prohibition) 


Trigger enable (Invert permission) 


CAP4T6 —_:_ Invert when the up-counter value is loaded to CAP4 
CAP3T6 —_:_ Invert when the up-counter value is loaded to CAP3 
EQ7T6 : Invert when up-counter matches TREG7 
EQ6T6 : Invert when up-counter matches TREG6 


Figure 3.9 (8). 16-Bit Timer 5 F/F Control (TSFFCR) 
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T45CR_ bit symbol ; : PGOT | DB6EN : DB4EN 


Read/Write 


After reset 


(003AH) 


bec Bh inc PGIshift — :PGOshift 
: ‘Trigger :Trigger : . 
: 10:8 bit [0:8 bit :0: Disable 
: : Timer Trigger: Timer Trigger: 1: Enable 
ATimer0, 1) :{Timer0.1) i Double  !Double 
i 16bit it: 16 bit bufferof buffer of 
: :Timer Trigger: Timer Trigger: TREGE :TREG4 
: (Timer 5) :(Timer 4) : ; 


Double buffer countrol 


DB6EN — : Double buffer of TREG6 
DB4EN — : Double buffer of TREG4 


Figure 3.9 (9). 16-Bit Timer (Timer 4, 5) Control Register (T45CR) 


bit Symbol| PRRUN | ~~: TSRUN ; T4RUN = PIRUN ; PORUN : TIRUN : TORUN 


TRUN 
(0020H) 


Prescaler & Timer Run/Stop CONTROL 
0: Stop & Clear 
1: Run (Count up) 


Operation of 16-bit timer (timer4) 


Stop and clear 


Count 


STOP and clear 


Count 


Figure 3.9 (10). Timer Operation Control Register (TRUN) 
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@® Up-counter (UC4/UC5) 


UC4/UC5 is a 16-bit binary counter which counts up 
according to the input clock specified by TAMOD 
<T4CLK1, O> or TBMOD <TSCLK1, O> register. 

As the input clock, one of the internal clocks @ T1 (8/ 
fc), @ T4 (82/fc), and @ T16 (128/fc) from 9-bit prescaler 
(also used for 8-bit timer), and external clock from T14 pin 
(also used as P80/INT4 pin) or TI6 (also used as P84/ 
INT6 pin) can be selected. When reset, it will be initialized 
to <T4CLK1, 0>/<T5CLK1, O> = 00 to select TI4/TI6 
input mode. Counting or stop and clear of the counter is 
controlled by timer operation control register TRUN 
<T4RUN, TSRUN>. 

When clearing is enabled, up-counter UC4/UC5 will 
be cleared to zero each time it coincides matches the 


TREG4 
Upper 8 bits Lower 8 bits 
000031H 000030H 


TREG6 
Upper 8 bits Lower 8 bits | 
000041H 000040H 


TREG4 and TREG6 timer register is of double buffer 
structure, which is paired with register buffer. The timer 
control register T45CR <DB4EN, DB6EN> controls 
whether the double buffer structure should be enabled or 
disabled. : disabled when <DB4EN, DB6EN> = 0, while 
enabled when <DB4EN, DB6EN> = 1. 

When the double buffer is enabled, the timing to 
transfer data from the register buffer to the timer register 
is at the match between the up-counter (UC4/UC5) and 
timer register TREG5/TREG7. 

When reset, it will be initialized to <DB4EN, DB6EN> 
= 0, whereby the double buffer is disabled. To use the 
double buffer, write data in the timer register, set 
<DB4EN, DB6EN> = 1, and then write the following data 
in the register buffer. 

TREG4, TREG6 and register buffer are allocated to 


CAP 1 
Upper 8 bits Lower 8 bits | 
000035H 000034H 


CAP 3 
Upper 8 bits Lower 8 bits 
000045H 000044H 


@® Capture Input Control 


This circuit controls the timing to latch the value of 
up-counter UC4/UC5 into (CAP1, CAP2)/(CAP3, CAP4). 


timer register TREG5, TREG7. The “clear enable/disable” 
is set by TAMOD <CLE> and TSMOD <CLE>. 

If clearing is disabled, the counter operates as a free- 
running counter. 


@ Timer Registers 


These two 16-bit registers are used to set the interval 
time. When the value of up-counter UC4/UC5 matches 
the set value of this timer register, the comparator match 
detect signal will be active. 

Setting data for timer register (TREG4, TREGS5, 
TREG6 and TREG7) is executed using 2 byte date trans- 
fer instruction or using 1 byte date transfer instruction 
twice for lower 8 bits and upper 1 bits in order. 


TREGS 


Upper 8 bits Lower 8 bits 


000033H 000032H 


TREG7 


Upper 8 bits Lower 8 bits 


000043H 000042H 


the same memory addresses O000380H/000031 H/ 
0000400H/000041H. When <DB4EN, DB6EN> = 0, 
same value will be written in both the timer register and 
register buffer. When <DB4EN, DB6EN> = 1, the value is 
written into only the register buffer. 


@® Capture Register 


These 16-bit registers are used to hold the values of 
the up-counter. 

Data in the capture registers should be read by a 2- 
byte data load instruction or two 1-byte data load instruc- 
tion, from the lower 8 bits followed by the upper 8 bits. 


CAP 2 


Upper 8 bits Lower 8 bits 


000037H 000036H 


CAP 4 


Upper 8 bits Lower 8 bits 


000047H 000046H 


The latch timing of capture register is controlled by regis- 
ter TAMOD <CAP12M1, 0>/TSMOD <CAP34M1, O>. 
e When T4MOD <CAP12M1, O0>/TS5MOD 
<CAP34M1, O> = 00 
Capture function is disabled. Disable is the 


—_—_— rn al 
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e When T4MOD <CAP12M1, 0>/T5MOD 
<CAP34M1, O> = 01 

Data is loaded to CAP1, CAPS at the rise edge 
of Tl4 pin (also used as P80/INT4) and TI6 pin (also 
used as P84/INT6) input, while data is loaded to 
CAP2, CAP4 at the rise edge of TI5 pin (also used as 
P81/INT5 and TI7 pin (also used as P85/INT7) input. 
(Time difference measurement) 


e When T4MOD <CAP12M1, O0>/TS5MOD 
<CAP34M1, O0> = 10 
Data is loaded to CAP1 at the rise edge of Tl4 
pin input and to CAPS at the rise edge of TI6, while 
to CAP2, CAP4 at the fall edge. Only in this setting, 
interrupt INT4/INT6 occurs at fall edge. (Pulse width 
measurement) 


e When T4MOD <CAP12M1, O0>/T5MOD 
<CAP34M1, O> = 11 

Data is loaded to CAP1, CAPS at the rise edge 
of timer flip-flop TFF1, while to CAP2, CAP4 at the 
fall edge. 

Besides, the value of up-counter can be loaded 
to capture registers by software. Whenever “O” is 
written in TAMOD <CAPIN>, TSMOD <CAP31N> the 
current value of up-counter will be loaded to capture 
register CAP1/CAP%. It is necessary to keep the 


prescaler in RUN mode (TRUN <PRRUN> to be “1”). 


© Comparator 

These are 16-bit comparators which compare the 
up-counter UC4/UC5 value with the set value of (TREG4, 
TREG5)/(TREG6, TREG7) to detect the match. When a 
match is detected, the comparators generate an interrupt 
(INTT4, INTTS)AINTT6, INTT7) respectively. The up- 
counter UC4/UC5 is cleared only when UC4/UC5 


TRON, “22a Eee ee See 
INTETS4 — 1 #1 40 0 14 +40 0 


T4FFCR < 1 1 0 0 0 0 1 

T4M0D < 0 0 1 0 0 1 = 
(** = 01, 10, 11) 

TREGG o« * x * * * * x 


x x x x * x x 


TRUN < 14 X - 4 ae a oe 


Note: x; don’t care —; no change 


(2) 16-bit Event Counter Mode 


In 16-bit timer mode as described in above, the timer can be 
used as an event counter by selecting the external clock (T14/ 
TI6 pin input) as the input clock. To read the value of the 
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matches TREG5/TREG’. (The clearing of up-counter 
UC4/UC5 can be disabled by setting TAMOD <CLE>/ 
T5MOD <CLE> = 0.) 


© Timer Flip-Flop (TFF4/TFF6) 

This flip-flop is inverted by the match detect signal 
from the comparators and the latch signals to the cap- 
ture registers. Disable/enable of inversion can be set for 
each element by T4FFCR <CAP2T4, CAP1T4, EQ5T4, 
EQ4T4>/T6FFCR <CAP4T6, CAPS8T6, EQ7T6, EQ6T6>. 
TFF4/TFF6 will be inverted when “OO” is written in 
T4FFCR <TFF4C1, O>/T6FFCR <TFF6C1, O>. Also it is 
set to “1” when “10” is written, and cleared to “O” when 
“10” is written. The value of TFF4/TFF6 can be output to 
the timer output pin TO4 (also used as P82) and TO6 
(also used as P86). 


@® Timer Flip-Flop (TFF5) 

This flip-flop is inverted by the match detect signal 
from the comparator and the latch signal to the capture 
register CAP2. TFF5 will be inverted when “OO” is written 
in T4FFCR <TFF5C1, O>/T6FFCR <TFF6C1, O>. Also it is 
set to “1” when “10” is written, and cleared to “O” when 
“10” is written. The value of TFF5 can be output to the 
timer output pin TOS (also used as P82). 


Note: This flip-flop (TFF5) is contained only in the 16-bit timer 4. 
(1) 16-bit Timer Mode 


Timer 4 and 5 operate independently. 
Since both timers operate in exactly the same way, timer 
4 is used for the purposes of explanation. 


Generating interrupts at fixed intervals: 
In this example, the interval time is set in the timer register 
TREGS to generate the interrupt INTTR®5. 


Stop timer 4. 

Enable INTTRS5 and sets interrupt level 4. Disables 

INTTR4. 

Disable trigger. 

Select internal clock for input and disable the capture function. 


Set the interval timer (16 bits). 


Start timer 4. 


counter, first perform “software capture” once and read the 
captured value. 
The counter counts at the rise edge of TI4/TI6 pin input. 
TI4/TI6 pin can also be used as P80/INT4 and P84/INT6. 
Since both timers operate in exactly the same way, timer 
4 is used for the purposes of explanation. 
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TRUN - - X aE 0 - - i - Stop timer 4. 

P8CR é 0 Set P80 to input mode. 

INTET54 <« 31 1 0 0 1 0 0 0 Enable INTTR5 and sets interrupt level 4, while 
disables INTTR4. 

T4FFCR < 1 1 0 0 0 0 1 1 Disable trigger. 

T4M0D < 0 0 1 0 0 1 0 0 Select Tl4 as the input clock. 

TREG5 <« * 7 . - x A . Set the number of counts (16 bits). 

TRUN <- 1 X = 1 te aol, Start timer 4. 


Note: When used as an event counter, set the prescaler in RUN mode. 


(3) 16-bit Programmable Pulse Generation (PPG) Output flip-flop TFF4 that is to be enabled by the match of the 
Mode up-counter UC4 with the timer register TREG4 or 5 
and to be output to TO4 (also used as P82). In this 


Since both timers operate in exactly the same way, mode, the following conditions must be satisfied. 


timer 4 is used for the purposes of explanation. 
The PPG mode is obtained by inversion of the timer (Set value of TREG4) < (Set value of TREGS) 


TRUN << - xX - 0 Se Met MS MS Stop timer 4. 
TREG4 <« * x a x r ‘ ig - Set the duty (16 bits). 
TREGG <« * i : - m Z id Set the cycle (16 bits). 
T45CR < 0 X x Xx sO ty Sie 1 Double buffer of TREG4 enable. 
(Changes the duty and cycle at the interrupt INTTR5) 
T4FFCR < 1 1 0 0 1 1 0 0 Set the mode to invert TFF4 at the match with 
TREG4/TREGS, and also sets TFF4 to “0”. 
T4M0D < 0 0 1 0 0 1 F ‘i Select internal clock for input and disables the capture function. 
(** = 01, 10, 11) 
PBCR = ) Assign P82 as TO4, 
P8FC - xX Sink x = 1 X Xx 
TRUN <« 1 X = 1 So Sh 1S Start timer 4. 
Note: x; don’t care —; no change 


Match with TREG4 
(interrupt INTTR4) 


Match with TREG5 
(interrupt INTTR5) 


TO4 pin 


Figure 3.9 (11). Programmable Pulse Generation (PPG) Output Waveforms 
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When the double buffer of TREG4 is enabled in this at match with TREGS. This feature makes easy the handling of 
mode, the value of register buffer 4 will be shifted in TREG4 low duty waves. 
Match with TREG4 sed Ne ee I es 
Up-counter =Q, Up-counter = Q?2 


Match with TREGS 


Shift into the TREGS 


TREG4 
(value to be 
compared) 


Register buffer 
Write into the TREG4 
Figure 3.9 (12). Operation of Register Buffer 


Shows the block diagram of this mode. 


TRUN<T&RUN> +04 (PPG output) TOS 


eae — 

$ | selector | 16-Bit up-counter F/F F/F 
—»}| Selector clear 

Ae at uc4 (TFF4) (TFFS) 


116 


Selector 


TREG4-WR —> 


Register buffer 4 | 
T45CR<DB4EN> 


Internal bus 


Figure 3.9 (13). Block Diagram of 16-Bit PPG Mode 
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(4) Application Examples of Capture Function 


The loading of up-counter (UC4) values into the cap- 
ture registers CAP1 and CAP2, the timer flip-flop TFF4 
inversion due to the match detection by comparators 
CP4 and CP§, and the output of TFF4 status to TO4 
pin can be enabled or disabled. Combined with inter- 
rupt function, they can be applied in many ways, for 
example: 


@® One-shot pulse output from external trigger pulse 
@ Frequency measurement 

@® Pulse width measurement 

® Time difference measurement 


@® One-Shot Pulse Output from External Trigger Pulse 


Set the up-counter UC4 in free-running mode with the 
internal input clock, input the external trigger pulse 
from Tl4 pin, and load the value of up-counter into 
capture register CAP1 at the rise edge of the T14 pin. 
Then set to TAMOD <CAP12M1, O> = 01. 

When the interrupt INT4 is generated at the rise edge 
of TI4 input, set the CAP1 value (c) plus a delay time (d) 
to TREG4 (= c + d), and set the above set value (c + d) 
plus a one-shot pulse width (p) to TREGS (= c + d + p). 
When the interrupt INT4 occurs the T4FFCR <EQ5T4, 
EQ4T4> register should be set that the TFF4 inversion 
is enabled only when the up-counter value matches 
TREG4 or TREGS. When interrupt INTTR5 occurs, this 
inversion will be disabled. 


‘ Set the counter in free-running mode. 


Count clock LL esas 
c 


JULI — — JUL - ~ SUM - - - 


(internal clock) cad c+d+p 
TI4 pin input 
(external trigger pulse) ihe Load the up-counter value into Capture 
t 


| ~ Register 1 (CAP1) INT4 occurred 


Match with TREG4 


t 

t 

1 

1 

1 

' Inversion 
1 enable 
L 

t 

' 

! 

1 

1 

i) 

! 

! 

' 

1 


Match with TREG5S 


Timer output pin TO4 


Delay time 


Disables inversion 
caused by loading 
of the up-counter 

¥ value into CAP1. 


INTTR5 occurred 
r 


i) 
is 
Inversion : 
enable 


Pulse width 


(d) 


' 
' 
' 
1 
> < ~ 


(p) 


Figure 3.9 (14). One-Shot Pulse Output (with Delay) 
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To output 2ms one-shot pulse with 3ms delay to the external trigger pulse to TI4 pin. 


» Keep counting (Free-running). 


== Count with 11. 
0 1 


> Load the up-counter value into CAP1 at the rise edge of TI4 pin input. 


Main setting 
T4M0D ¢ - - 1 0 
| 
T4FFCR < 14 1 0 0 1 0 
| | | 
P8CR < = + 
P8FC “< xX - x x x X 
INTE45  « 0 0 
INTET54 <« 31 0 0 0 0 0 
TRUN <- 1 x - 1 - - 


Setting of INT4 


> Clear TFF4 to zero. 
Disable TFF4 inversion. 


) Select P82 as the TO4 pin. 


Enable INT4, and disables INTTR4 and INTTR5. 


Start timer 4. 


TREG4 « CAP1 + 3ms/@T1 
TREGG « TREG4 + 2ms/@T1 
T4FFCR < 

INTET54 <« 1 1 0 0 
Setting of INT5 

T4FFCR < 

| 

INTET54 <« 1 0 0 0 
Note: x; don’tcare -;no change 


When delay time is unnecessary, invert timer flip-flop 


> Enable TFF4 inversion when the up-counter value matches TREG4 or 5. 
Enable INTTRS. 


Disable TFF4 inversion when the up-counter value matches TREG 4 or 5. 
Disable INTTRS. 


inversion should be enabled when the up-counter (UC4) value 


TFF4 when the up-counter value is loaded into capture register matches TREGS, and disabled when generating the interrupt 
1 (CAP1), and set the CAP1 value (c) plus the one-shot pulse INTTRS5. 
width (p) to TREG5 when the interrupt INT4 occurs. The TFF4 
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(internal clock) 


Count clock LLL LU AL 
Cc c+ 


Tl4 pin input 
(external trigger pulse) Load the up-counter value into Capture 
acaes Register 1 (CARY)! INT4 occurred Load the up-counter value into 


Match with TREGS 


?”\INTTRS 
occurred 


Capture Register 2 (CAP2). 


Inversion 


Timer output pin TO4 


Enables inversion caused 
by loading of the up- 
counter value into CAP1. 


(p) 


Pulse width 


Disables inversion caused by loading of 
the up-counter value into CAP2. 


Figure 3.9 (15). One-Shot Pulse Output (without Delay) 


@ Frequency Measurement 


The frequency of the external clock can be measured 
in this mode. The clock is input through the Tl4 pin, and 
its frequency is measured by the 8-bit timers (Timer O and 
Timer 1) and the 16-bit timer/event counter (Timer 4). 

The Tl4 pin input should be selected for the input 
clock of Timer 4. The value of the up-counter is loaded 


Count clock LU AN 


(internal clock) 1 


TFFI 


Loading UC16 into CAP1 


Loading UC16 into CAP2 


into the capture register CAP1 at the rise edge of the 
timer flip-flop TFF1 of 8-bit timers (Timer O and Timer 1), 
and into CAP2 at its fall edge. 

The frequency is calculated by the difference 
between the loaded values in CAP1 and CAP2 when the 
interrupt (INTTO or INTT1) is generated by either 8-bit 
timer. 


' 1 
TNTTO/INTT1 S| ce, | een! cee eee || 


Figure 3.9 (16). Frequency Measurement 


For example, if the value for the level “1” width of 
TFF1 of the 8-bit timer is set to 0.5 sec. and the differ- 


ence between CAP1 and CAP2 is 100, the frequency will 
be 100/0.5 [sec.] = 200 [Hz]. 
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@ Pulse Width Measurement 


This mode allows measuring the “H” level width of an 
external pulse. While keeping the 16-bit timer/event 
counter counting (free-running) with the internal clock 
input, the external pulse is inout through the T14 pin. Then 
the capture function is used to load the UC4 values into 
CAP1 and CAP2 at the rising edge and falling edge of the 


Count clock 
(internal clock) 


Tl4 pin 
(external pulse) 


Loading UC16 into CAP1 


Loading UC16 into CAP2 


INT4 


TMP96C141 AF 


external trigger pulse respectively. The interrupt INT4 
occurs at the falling edge of T14. 

The pulse width is obtained from the difference 
between the values of CAP1 and CAP2 and the internal 
clock cycle. 

For example, if the internal clock is 0.8 microseconds 
and the difference between CAP1 and CAP2 is 100, the 
pulse wicth will be 100 x 0.8 = 80 microseconds. 


Figure 3.9 (17). Pulse Width Measurement 


Only in this pulse width measuring mode (TAMOD <CAP12M1, 0> = 10), external interrupt INT4 occurs at the falling edge of TI4 pin input. In other 


modes, it occurs at the rising edge. 


The width of “L” level can be measured from the dif- 
ference between the first C2 and the second C1 at the 
second INT4 interrupt. 


® Time Difference Measurement 


This mode is used to measure the difference in time 
between the rising edges of external pulses input through 
TI4 and TI5. 


Keep the 16-bit timer/event counter (Timer 4) count- 
ing (free-running) with the internal clock, and load the 
UC4 value into CAP1 at the rising edge of the input pulse 
to Tl4. Then the interrupt INT4 is generated. 

Similarly, the UC4 value is loaded into CAP2 at the 
rising edge of the input pulse to TI5, generating the inter- 
rupt INT5. 

The time difference between these pulses can be 
obtained from the difference between the time counts at 
which loading the up-counter value into CAP1 and CAP2 
has been done. 
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Count clock —_ AML eA = JUL 


(internal clock) 

TI4 pin input 

TIS pin input 

Loading UC16 into CAP1 


Loading UC16 into CAP2 


INT1 


INT2 


‘ 
Time difference : 
1 
' 


Figure 3.9 (18). Time Difference Measurement 


(5) Different Phased Pulses Output Mode When the value in up-counter UC4 and the value in 
TREG4 (TREGS5) match, the value in TFF4 (TFF5) is inverted 


In this output mode, signals with any different phase can be and eee ee er be used by 16-bit timer 4 


outputted by free-running up-counter UC4. 


Match with TREG4 


Match with TREG5S 
TO4 


TOS 


Figure 3.9 (19). Phase Output 


Cycles (counter overflow time) of the above output waves 
are listed below. 16MHz 20MHz 
ol 1.024msec 0.819msec 
gl4 4.096msec 3.277msec 
g16 16.38 msec 13.11 msec 
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3.10 Stepping Motor Control/Pattern Generation Port 
The TMP96C141AF has two channels (PGO and PG1) of 4-bit 
hardware stepping motor control/pattern generation (herein 
after called PG) which actuate in synchronization with the (8- 
bit/16-bit) timers. The PG (PGO and PG1) are shared in 8-bit |/ 


O ports P6. 


Channel 0 (PGO) is synchronous with 8-bit timer O or 
timer 1, 16-bit timer 5, to update the output. 

The PG ports are controlled by control registers 
(PGO1CR) and can select either stepping motor control mode 
or pattern generation mode. Each bit of the P6 can be used as 


Y 


-K+———>|  SA03 


1-2 excitation KA 


Internal Bus 
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the PG port. 


TMP96C141 AF 


PGO and PG1 can be used independently. 
All PG operate in the same manner except the following 
points, and thus only the operation of PGO will be explained 


below. 


Differences between PGO and PG1 


PGO 


PG1 


Trigger Signal 


from Timer 4 


from Timer 5 


P63/PG03 
-|_pco3_| U (P67/PG13) 


1/2 excitation 


PGO2 P62/PG02 
[_reoz |=] pairs, 


L] P61/PG01 
(P65/PG11) 


——- +[ | P60/PGO00 
(P64/PG10) 


Figure 3.10 (1). Port 6/PG Circuit 


ee, =| 
a6 
E's 
re 
tC) 
=e 


Reverse 


Rotaion 
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PG1M PGITE PATO ccwo PGOM : PGOTE 


PGOICR cowl : 
(O04EH) |Readwrite R/W 


After reset 0 : 0 ; 0 : 0 : 0 0 0 0 
PG1 write :PG1 :PG1 mode PGI :PGO write :PGO :PGO mode :PGO 
mode :Rotaing = {excitation):trigger :mode :Rotaing (excitation): trigger 
0: 8bit eairestion oe eect :0: Bbit sdirection Me Wigan uate 

Function write :0: Normal : paar a : write  :0: Normal : x ai : 
Rid rotation:, | OXCRSHONG. disable : ot rotation:, | SRE SEOE Oe disable 

1: 4bit 1: 1- : 1: 4bit : Hi Go : 
write : Reverse : it: enable : :1: Reverse : :1: enable 


.f excitation : > write . 3 excitation: 
rotation: : : rotation: : 


1 or 2 excitation (full step) 


1-2 excitation (half step) / PG mode 


PGO (stepping motor control) 
Rotaing direction control 


Normal rotation /PG mode 


Reverse rotation 


8-bit write 


4-bit write / PG mode 
(Only shifter alternate register can be 
written.) 


Figure 3.10 (2a). Pattern Generation Control Register (PGO1CR) 
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PGOICR | bit Symbol » CCW1 | PGIM : PGITE : PATO : CCWO : PGOM | PGOTE 
cose : 


PG1 write :PG1 ‘PG1 mode :PG1 :PGOwrite :PGO :PGO mode :PGO 
mode :Rotaing —:(excitation):trigger :mode :Rotaing (excitation): trigger 
0: Bbit erection io cake ti 0: Bbit Cipro ae eee NL 
Function write :0: Normal : : a a i write :0: Normal : ation 
| rotation: "N°": disable |, 4... = rotation:, “°*"*"°" 9: disable 
1: Abit : 121-2 : 21: 4bit ae 121-2 ca 
:1: Reverse : it: enable : :1: Reverse : :1: enable 


write . excitation : : write . 3 excitation: 
rotation: : : rotation: : 


PG1 trigger input enable 


Trigger input disable to PG1 


1-2 excitation (half step) / PG mode 


PG1 (stepping motor control) 
Rotaing direction control 


Normal rotation /PG mode 


Reverse rotation 


8-bit write 


4-bit write / PG mode 
(Only shifter alternate register can be 
written.) 


Figure 3.10 (2b). Pattern Generation Control Register (PG0O1CR) 
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7 6 5 4 3 2 1 0 
PGOREG | bit Symbol PG03 PGO02 PGO1 PGOO SA03 SA02 SA01 SA00 
(004CH) Read/Write W RW 
After reset 0 0 0 0 Undefined 
Function Pattern Generation 0 (PGO) output latch register Shift alternate register 0 
(Reading the P6 that is set to the PG port allows to read-out.) For the PG mode (4-bit write) register 
Prohibit Read 
modify write Figure 3.10 (3). Pattern Generation 0 Register (PGOREG) 
7 6 5 4 3 2 1 0 
PG1REG bit Symbol PG13 PG12 PG11 PG10 SA13 SA12 SA11 SA10 
(004Dh) Read/Write W R/W 
After reset 0 0 0 0 Undefined 
Function Pattern Generation 1 (PG1) output latch register Shift alternate register 1 
(Reading the P6 that is set to the PG port allows to read-out.) For the PG mode (4-bit write) register 
Prohibit Read 
modify write Figure 3.10 (4). Pattern Generation 1 Register (PG1REG) 
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ae 


Read/Write 


R/W R/W 
Oo 3 : a We Oe rsa 
Fixat“O" : 


DB4EN 


PGOT DB6EN 


T45CR 
(003AH) 


PGIShift  :PGOShift  : Double buffer 


x Alwa 5: trigger ‘trigger : 0: Disable 
: read if : 0:8-bit timer :0:8-bit timer : 1: Enable 
"oO" : : trigger : trigger 


: (timerO,1) : (timer0,1) : Double: Double 
1: 16-bit timer: 1: 16bit timer : buffer of : buffer of 
; trigger; trigger TREG6 =: TREG4 

> (timer5) > (timer4) : : 


Double buffer control 
Disable 


Enable 


DB6EN : Double buffer of TREG6 
DB4EN : Double buffer of TREG4 


eee Selecting PGO shift trigger 


8-bit timer trigger (timer 0, 1) 


16-bit timer trigger (timer 4) 


8-bit timer trigger (timer 0, 1) 


16-bit timer trigger (timer 5) 


Figure 3.10 (5). 16-bit Timer Trigger Control Register (T45CR) 


Write “0” to this bit, when this register is modified. 
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8-Bit timer 
(timer 0, 1) A 
a Select |-—»| °° Port60~63 
BS 
16-Bit timer 4 PGOT 
A 
PG1 Port64~67 
Select -—> 
16-Bit timer 5 ->———> |B S$ 
PG1T 


Figure 3.10 (6). Connection of Timer and Pattern Generator 


(1) Pattern Generation Mode In this mode, set PGO1CR <PGOM> and <PG1M> to 1, 
and PGO1CR <CCWO> and <CCW1> to 0. 
The output of this pattern generator is output to port 6; 


PG functions as a pattern generation according to the setting F : ; cana 
of PGO1CR <PAT1>/PATO>. In this mode, writing from CPUis —-®e Port and functions can be switched on a bit basis using 
. : Ce port function control register P6FC, any port pin can be 
executed only on the shifter alternate register. Writing a new Gnieal 
data should be done during the interrupt operation of the timer cic 1D Dene Genet aor OuIP UE ; F 
ae ; Figure 3.10 (7) shows the block diagram of this mode. 
for shift trigger, and a pattern can be output synchronous with 
the timer. 
Trigger Signal from Timer 


‘Timer Interrupt Writing data to $A03-00 on, 


Timer Interrupt 


Shift alternate register 


output Shifting data from 
(SA03-00) $A03-00 to PG03-00 


output 
(PGO3-00) 


Example of pattern generation mode 
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Shift alternate register PG03 Clive 
wel 
BUS3 


PGO2 
PGO2 LTr62) 
SA02 
PGO1 
PGO1 L161) 


bus 


Internal 


a -  $A01 
BUS1 


PGOO 
a 
tT 


™) 
Shift due to the shift trigger from timer 
Figure 3.10 (7). Pattern Generation Mode Block Diagram (PGO) 
In this pattern generation mode, only writing the output mode. Accordingly, the data shifted by trigger signal from a 


latch is disabled by hardware, but other functions do the same timer must be written before the next trigger signal is output. 
operation as 1-2 excitation in stepping motor control port 
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(2) Stepping Motor Control Mode Figure 3.10 (8) and Figure 3.10 (9) show the output 
ree waveforms of 4-phase 1 excitation and 4-phase 2 excita- 
© 4-phase 1-Step/2-Step Excitation tion, respectively when channel 0 (PGO) is selected. 


Trigger signal 
from timer [] [| [] [| [] [| [] 
b4 b7 b6 b5 b4 
PG00 (P60) 
b5 b4 b7 b5 
PGO1 (P61) oe 
PG02 (P62) b6 b5 b4 b7 b6 
PG03 (P63) 67 _—|b6 b5 b4 b7 
+ 


Initial value of PGOREG < 0100 x x x x 


Note: — bn indicates the initial value of PGOREG < b7 b6 b5 b4 x x x x 


@® Normal Rotation 


Trigger signa 


from timer [] [] lr] ] [] ] [] 


senuieeo b5 b6 b7 b4 

peeieeu ee b6 b7 b4 b5 

PG02 (P62) : b6 b7 b4 b5 b6 

PG03 (P63) : b7 b4 b5 b6 b7 
+ 


Initial value of PGOREG < 0100 x x x x 


@ Reverse Rotation 


Figure 3.10 (8). Output Waveforms of 4-Phase 1-Step Excitation 
(Normal Rotation and Reverse Rotation) 
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Trigger signal 
from timer | [] ] rl] ] a ll] 


PGO0 (P60) ba ve b6 bs 
PGO1 (P61) = ey b6 
PGO2 (P62) | b6 bs ba b7 
PG03 (P63) b7 b6 bS b4 


r 
Initial value of PGOREG < 0100 x x x x 


Figure 3.10 (9). Output Waveforms of 4-Phase 2-Step Excitation (Normal Rotation) 


The operation when channel 0 is selected is 
explained below. 

The output latch of PGO (also used as P6) is shifted 
at the rising edge of the trigger signal from the timer to be 
output to the port. 

The direction of shift is specified by PGO1CR 
<CCWO>: Normal rotation (PGOO — PGO1 + PG0O2 > 
PGO3) when <CCWO> is set to “O”; reverse rotation 
(PGOO <— PGO1 <— PGO2 <— PGOS3) when “1”. Four-phase 


Shift alternate Register 


bus 


oO 

= 

b5 

[oP 

a 

¢ |b SA01 

a Sas ce 
b4 


1-step excitation will be selected when only one bit is set 
to “1” during the initialization of PG, while 4-phase 2-step 
excitation will be selected when two consecutive bits are 


set to “1”. 


The value in the shift alternate registers are ignored 


when the 4-phase 1-step/2-step excitation mode is 


selected. 
Figure 3.10 (10) shows the block diagram. 


PGO Output latch 


[_] PGO3 (P63) 


[_]PG02 (P62) 


[_]PG01 (P61) 


[_]PGO0 (P60) 


A | is showing to shift the signal at the 
rising edge of trigger signal from 
timer. 


Figure 3.10 (10). Block Diagram of 4-Phase 1-Step Excitation/2-Step Excitation 
(Normal Rotation) 
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@ 4-Phase 1-2 Step Excitation phase 1 -2 step excitation when channel 0 is selected. 


Figure 3.10 (11) shows the output waveforms of 4- 


Trigger signal 


from timer a [] a tT] l] [] [] 


b0 b7 b3 b6 b2 b5 b1 
PG00 (P60) 

'b5 b1 b4 bO b7 b3 b6 b2 
PGO1(P61) 
PG02 (P62) 26 b2 b5 b1 b4 b0 b7 b3 
pGo3 (P63) 97 b3 b6 b2 b5 bt ba b0 


Initial value of PGOREG < 11001000 


Note: lon denotes the initial value of PGOREG < b7 b6 b5 b4 b3 b2 b1 bO 


@® Normal Rotation 


Trigger signal 


from timer [] ] [] | [] [] [] 


PGO0 (P60) id b5 b2 b6 b3 b7 bO 
PGO1(P61) Be es b6 b3 b7 b0 b4 b1 
PG02 (P62) b6 3 b7 bo b4 bt bs b2 
PGO3 (P63) 7 b7 b0 b4 bt bS b2 b6 b3 


4 
Initial value of PGOREG < 10001100 


@ Reverse Rotation 


Figure 3.10 (11). Output Waveforms of 4-Phase 1-2 Step Excitation 
(Normal Rotation and Reverse Rotation) 
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The initialization for 4-phase 1-2 step excitation is as 
follows: 

By rearranging the initial value “b7 b6 b5 b4 b3 b2 
b1 b0” to “b7 b3 b6 b2 b5 b1 b4 bO”, the consecutive 3 
bits are set to “1” and other bits are set to “O” (positive 
logic). 

For example, if 67, 63, and b6 are set to “1", the ini- 
tial value becomes “11001000”, obtaining the output 
waveforms as shown in Figure 3.10 (11). 

To get an output waveform of negative logic, set val- 
ues 1s and 0's of the initial value should be inverted. For 


Shifter alternate 
register 


bus 


Internal 


TMP96C141 AF 


example, to change the output waveform shown in Fig- 
ure 3.10 (11) into negative logic, change the initial value 
to “00110111”. 

The operation will be explained below for channel 0. 
The output latch of PGO (shared by P6) and the 
shifter alternate register (SAO) for Pattern Generation are 
shifted at the rising edge of trigger signal from the timer 
to be output to the port. The direction of shift is set by 

PGO1CR <CCWO>. 
Figure 3.10 (12) shows the block diagram. 


PGO Output 


PGO3 (P63) 


PGO2 (P62) 


PGO1 (P61) 


PGOO (P60) 


FL isshowing to shift the signal at the rising 
edge of trigger signal from the timer. 


Figure 3.10 (12). Block Diagram of 4-Phase 1-2 Step Excitation (Normal Rotation) 
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Setting example: To drive channel 0 (PGO) by 4-phase 1-2 


step excitation (normal rotation) when 


7 6 5 4 3 2 1 0 
TRUN cS X 0 
TMOD < 0 0 X X - = 0 1 
TFFCR << x X X 0 0 1 0 
TREGQ « * x * # * * x * 
P6CR < 1 1 1 
P6FC < 1 1 1 
PGOICR «< 0 0 1 1 
PGOREG <« 1 1 0 0 0 0 0 
TRUN < fl 1 

Note: x; don’t care —; no change 


(8) Trigger Signal From Timer 


The trigger signal from the timer which is used by PG is not 


timer O is selected, set each register as follows: 


Stop timer 0, and clears it to zero. 

Set 8-bit timer mode and selects @T1 as the input clock of timer 0. 
Clear TFF1 to zero and enables the inversion trigger by timer 0. 

Set the cycle in timer register. 

Set P60 ~ P63 bits to the output mode. 

Set P60 ~ P63 bits to the PG output. 

Select PGO 4-phase 1 - 2 step excitation mode and normal rotation. 
Set an initial value. 

Start timer 0. 


equal to the trigger signal of timer flip-flop (TFF1, TFF4, TFF5, 
and TFF6) and differs as shown in Table 3.10 (1) depending on 
the operation mode of the timer. 


Table 3.10 (1) Select of Trigger Signal 


TFF1 Inversion 


PG Shift 


8-bit timer mode 


Selected by TFFCR <TFF1IS> when the up-counter value matches 
TREGO or TREG1 value. 


16-bit timer mode 


When the up-counter value matches with both TREGO and TREG1 
values. (The value of up-counter = TREG1*2° + TREGO) 


—~<t 


PPG output mode When the up-counter value matches with both TREGO and TREG1. | When the up-counter value matches TREG1 value (PPG cycle). 
PWM output mode When the up-counter value matches TREGO value and PWM cycle. | Trigger signal for PG is not generated. 
Note: To shift PG, TFFCR <TFF1IE> must be set to “1” to enable TFF1 inversion. 


Channel 1 of PG can be synchronized with the 16-bit 
timer Timer 4/Timer 5. In this case, the PG shift trigger signal 
from the 16-bit timer is output only when the up-counter UC4/ 
UC5 value matches TREGS/TREG7. 

When using a trigger signal from Timer 4, set either 
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T4FFCR <EQ5T4> or TAMOD <EQ5T5> to “1” and a trigger is 
generated when the value in UC4 and the value in TREG5S 
match. When using a trigger signal from Timer 5, set TSFFCR 
<EQ/7T6> to 1. Generates a trigger when the value in UC5 and 
the value in TREG7 match. 
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(4) Application of PG and Timer Output 


As explained in “Trigger signal from timer”, the timing to shift 
PG and invert TFF differs depending on the mode of timer. An 
application to operate PG while operating an 8-bit timer in 


oe 
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PPG mode will be explained below. 

To drive a stepping motor, in addition to the value of each 
phase (PG output), synchronizing signal is often required at the 
timing when excitation is changed over. In this application, port 
6 is used as a stepping motor control port to output a synchro- 
nizing signal to the TO1 pin (shared by P71). 


TREG1 
TO1 (P71) Sree i ee ee: | ns |) ene eee Fe 


TREGO | | 
PGOO (P60) 
PGO1 (P61) eC 
PGO2 (P62) | | 
PGO3 (P63) | —<—— $— $= $ —  — ——_$_——$ 


Figure 3.10 (13). Output Waveforms of 4-Phase 1-Step Excitation 


Setting example: 


7 66 5 4 3 2 1 0 
TRUN ¢ 0 0 
TMOD ¢ 1 0 Xx Xx X x 0 1 
TFFCR <= xX X Xx 0 0 1 1 Xx 
TREGO < * x * * r r x r 
TREG] << * m * * " m x r 
P7CR <— xX Xx Xx Xx a 1 = 
P7FC < xX Xx Xx x oS 1 X 
P6CRs¢ 1 1 1 1 
P6FC < 1 1 1 1 
PGOICR < 0 0 0 1 
PGOREG — * r * x * x r 
TRUN <¢ 1 X i a | 1 


Note: x; don’t care —; no change 
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Stop timer 0, and clears it to zero. 

Set timer 0 and timer 1 in PPG output mode and selects @T1 as the input clock. 
Enable TFF1 inversion and sets TFF1 to “1”. 

Set the duty of TO1 to TREGO. 

Set the cycle of TO1 to TREG1. 


) Assign P71 as TO1. 


) Assign P60 - 63 as PGO. 


Set PGO in 4-phase 1-step excitation mode. 
Set an initial value. 
Start timer 0 and timer 1. 
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3.11 Serial Channel as well as for I/O extension. 


The TMP96C141AF contains two serial I/O channels for ful The serial channel has the following operation modes: 
duplex asynchronous transmission (UART) 


— @ I/O interface mode Mode 0: 


To transmit and receive I/O data as well as 
(channel 1 only) 


the synchronizing signal SCLK for extending I/O. 


Note: TMP96C141AF/TMP96C041 AF/ 
TMP96CM40F/TMP96PM40F with 
Channel O and 1. 


——- Mode 1: 7-bit data 


__ @ Asynchronous transmission ——t+_ Mode 2: 8-bit data 
(UART) mode (channel 0 and 1) L. Mode 3: 9-bit data 
In mode 1 and mode 2, a parity bit can be added. Mode Figure 3.11 (1) shows the data format (for one frame) in 
3 has wake-up function for making the master controller start each mode. 


slave controllers in serial link (multi-controller system). 


@ Mode 0 (I/O interface mode) 


~<— Transfer direction 


@ Mode 1 (7-bit UART mode) 


confor XG Vor 
POooaoe ns” 


@ Mode 2 (8-bit UART mode) 


woof YAGI Ye 
woof YOO a= 


@ Mode 3 (9-bit UART mode) 


Fooaoceana th. 
Pomel 8 Olt 


When bit 8 = 1, address (select code) is denoted. 
When bit 8 = 0, data is denoted. 


Figure 3.11 (1). Data Formats 
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The serial channel has a buffer register for transmitting 
and receiving operations, in order to temporarily store trans- 
mitted or received data, so that transmitting and receiving 
operations can be done independently (full duplex). 

However, in I/O interface mode, SCLK (serial clock) pin is 
used for both transmission and receiving, the channel 
becomes half-duplex. 

The receiving data register is of a double buffer structure 
to prevent the occurrence of overrun error and provides one 
frame of margin before CPU reads the received data. The 
receiving data register stores the already received data while 
the buffer register receives the next frame data. 

By using CTS and RTS (there is no RTS pin, so any one 
port must be controlled by software), it is possible to halt data 
send until CPU finishes reading receive data every time a frame 
is received (Handshake function). 

In the UART mode, a check function is added not to start 
the receiving operation by error start bits due to noise. The 
channel starts receiving data only when the start bit is 
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detected to be normal at least twice in three samplings. 

When the transmission buffer becomes empty and 
requests the CPU to send the next transmission data, or when 
data is stored in the receiving data register and the CPU is 
requested to read the data, INTTX or INTRX interrupt occurs. 
Besides, if an overrun error, parity error, or framing error occurs 
during receiving operation, flag SCOCR/SC1CR <OERR, 
PERR, FERR> will be set. 

The serial channel 0/1 includes a special baud rate gen- 
erator, which can set any baud rate by dividing the frequency 
of four clocks (@T0, @T2, 18, and @T32) from the internal pres- 
caler (shared by 8-bit/16-bit timer) by the value 2 to 16. 

In I/O interface mode, it is possible to input synchronous 
signals as well as to transmit or receive data by external clock. 


3.11.1 Control Registers 


The serial channel is controlled by three control registers 
SCOCR, SCOMOD, and BROCR. Transmitted and received 
data is stored in register SCOBUF. 
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Note: 


SCOMOD 


(0052H) 
After reset 


Function 


Transfer 
data 


Bit8 


!Hand 
:shake 


:0: 


0: CTS 
: disable: 
:1:CTS 
: enable : 


4: 


Receive: 
disable : 
Receive: 
enable :1 


There is SC1MOD (56H) in Channel 1 


:Receiving Wake up Serial transmission 
‘Function : Function mode 
:00: Can not be used 
:0: disable 01: 7-bit UART 
- Enable :10: 8-bit UART 

‘11: 9-bit UART 


Serial transmission clock (UART) 


Receiving Function 


0 


Serial transmission 
clock (UART) 

(00: TOO Trigger 

01: baud rate 
generator 

10: Internal clock 1 
:11: don't care 


Timer 0 match detect signal 


Baud rate generator 


Internal clock ®1 


don’t care 


Interrupt when 
data are received 


Interrupt only 
when RB8 = 1 


don't care 


Receive Disable 


Receive Enable 


Hand shake function (CTS Pin) enable 


Disable (always Transferable) 


> Transmission data bit 8 


Figure 3.11 (2). Serial Mode Control Register (Channel 0, SCOMOD) 


118 


TOSHIBA CORPORATION 


TMP96C141 AF 


bit Symbol | PE | OERR : PERR : FERR 


SCOCR ; 
(0051H) 


After reset 


Received : Parity : Parity : 
data 0: Odd ! addition : 
Bits “4: Even :0: Disable: : ; 
Function '1: Enable : ; 
: : > Overrun : Parity : Framing 


ere error flag 


Parity error flag 
Overrun error flag 


Cleared to Zero 
when read. 


Enable parity addition 
0 |Prohibition (disable) 


Permission (enable) 


> Addition / check of even parity 


0 | Odd parity 


Even parity 


> Receving data bit 8 


Note: Serial control register for channel 1 is SC1CR (65H). 
As all error flags are cleared after reading, do not test only a single bit with a bit-testing instruction. 


Figure 3.11 (3). Serial Control Register (Channel, SCOCR) 
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BROCR | bit Symbol : BROCK! : BROCKO ; BROS3 : BROS2 : BROS! : BROSO 
(0053H) Readwrite : i R/W 


After reset i 0 


00: gT0 (fe/4) 
01: gT2 (fc/16) 
10: 4T8 (fc/64) 
11: $732 (fc/256) 


Function Setting of the Divided frequency 


Setting of the divided frequency 
of baud rate generator 


16 divisions 


Don't set 


2 to 15 divisions 


-—____—_—~» Selecting the input clock of 


baud rate generator 


Internal clock ¢T0 (fc/4) 


Internal clock ¢T2 (fc/16) 


Internal clock ¢T8 (fc/64) 


Internal clock ¢132 (fc/256) 


Note: As all error flags are cleared after reading, do not test only a single bit with a bit-testing instruction. 


Figure 3.11 (4). Serial Channel Control (Channel 0, BROCR) 


7 6 5 4 3 2 1 0 
TB7 | TB6 | TBS TB4 TB3 TB2 TBI TBO | (Transmission) 
SCOBUF 
(50H) 7 6 5 4 3 2 1 0 


RB7 RB6 RBS RB4 RB3 RB2 RBI RBO_ | (Receiving) 


Figure 3.11 (5). Serial Transmission/Receiving Buffer Registers (Channel 0, SCOBUF) 
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bit Symbol 


Ld 


sci1MOD 
(0056H) 


data 


Transfered :Fix at "0" :Receiving : Wakeup ‘Serial Transmission 


‘Function :Function :mode 
Bit8 ; :0: 


:1: Receive: 


Serial Transmission 
clock (UART) 
00: TOO Trigger 

01: Baud rate 
generator 

10: Internal clock 1 
a4: don’t care 


Receive: 0: disable 00: V/O interface 
disable 1: enable 

01: 
10: 
V1: 


mode 
7-Bit UART 
8-Bit UART 


Enable : 
: 9-Bit UART 


Serial transmission clock (For UART) 
00 | Timer 0 match detect signal 
Baud rate generator 


Internal clock 1 


don’t care 


Note: The clock selection for the I/O interface 


mode is controlled by the serial control 
register (SC1CR). 


Serial transmission mode 


Interrupt when 


data are received 


Interrupt only 
when RB8 = 1 


don’t care 


0 |Receive disable 


Receive enable 


—> Transmission data bit 8 


Figure 3.11 (6). Serial Mode Control Register (Channel 1, SC1MOD) 
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© OERR | PERR : FERR = SCLKS 
seice 


Received :Parity :Parity : 0: SCLK1 :0: 
data :0:Odd ‘addition : : : —)) : Baud rate 
Bit8 1: Even 0: Disabl . a Ci ) : generator 
Function : 1: Enabl naan : : £1: SCLK1 51: SCLK1 
: : : Overrun : Parity : Framing : dng 
: : : : : ; :Pin input 
: | | | 3 CL) 


Select I/O interface input clock (Note?) 


0 |Baud rate generate 


SCLK1 Pin input 
Note1: For channel 0, fix this bit to “0” 


Edge selection in SCLK pin input mode 


Transmits and receives( _4  ) 
data at raise edge of SCLK 


Transmits and receives ( Y ) 
data at fall edge of SCLK 


L___» Framing error flag 
Parity error flag when read 
Overrun error flag 


Enable parity addition 


Even Parity 


Receiving data bit 8 


Note: As all error flags are cleared after reading, do not test only a single bit with a bit-testing instruction. 


Figure 3.11 (7). Serial Control Register (Channel 1, SC1CR) 


Cleared to Zero 
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BRICKO : BR1S3 : BR1S2 : BRIS1 


: BRICK1 : 


BR1S0 


After reset 


Fix at "0": 
: : 00: TO (fc/4) 


! 01: 672 (fc/16) 
: 10: $78 (fc/64) 
: 11: $732 (fo/256) 


anion Setting of the Divided frequency 


Setting of the divided frequency of baud rate 
generator 


16 divided 


Don't set 


2 to 5 divisions 


Internal clock ¢T0 (fc/4) 
Internal clock ¢T2 (fc/16) 
Internal clock ¢T8 (fc/64) 


Internal clock ¢132 (fc/256) 


Note: To use baud rate generator, set TRUN <PRRUN> to “1", putting the prescaler in RUN mode. 
Figure 3.11 (8). Baud Rate Generator Control Register (Channel 0, BROCR) 


7 6 5 4 , 2 1 0 
187 | 186 | 185 | 1e4 | 188 | 12 | TBI | 180 | (Transmission) 
SC1BUF 
(00544) 7 6 5 4 3 ” 1 0 


RB7 RBG RB5 RB4 RB3 | RB2 RBI RBO | (Receiving) 


Figure 3.11 (9). Serial Transmission/Receiving Buffer Registers (Channel 1, SC1BUF) 
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Pa 


: 0: PORT : 0: PORT : 
: 4: TxD1 2 1:SCLKO : 


: 0: PORT 
2 1:SCLK1: 


Prohibit Read 
modify write 


Note: The TMP96CM40 and TMP96PM40 
have register P92F, The TMP96C141 
does not. (In other wordes, SCLK 0 
cannot be specified.) 


0 |Port output 


SCLK1 (channel 1) output 


Figure 3.11 (10). Port 9 Function Register (P9FC) 


[Bisyabol [ee Spr oes 


> P93: P90 
0: CMOS :0: CMOS 
1: OPEN :1: OPEN 
: Drain Drain 


Setting P90 as Open-drain output 
0 |CMOS output 


Open-drain output 


Setting P93 as Open-drain 
0 |CMOS output 


Open-drain output 


Port 3.11 (11). Port 9 Open Drain Enable Register (ODE) 
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3.11.2 Configuration 
Figure 3.11 (12) shows the block diagram of the serial channel 0. 


ra-o------- Serial clock generation circuit ------------------------ 


tT 
i) 
BROCR<BROCK1,0> TOOTRG (Timer 0 comparator output) 
H 
! 


pass | rll 


! 

! | 3 
igTO(fc/4) tel § ® ; 7 SIOCLK 
'gT2(fo/16) te} o s @ 
i978 (f64) +>] — “ e 
igT32(fe/256) +>|" | fo] | i 

! | OF 

+- Baudrate ----4 SCOMOD 


' 
1 
' 
'81 (fc/2) Benerator <SC1,0> 
' 
' 
' 
t 
1 
! 


INTRXO INTTXO 


ae 


Transmission 


Receive SCOMOD Serial channel 


counter <WU> —| interrupt counter 
(+ 16) control (+ 16) 
RXDCLK TXDCLK 
SCOMOD ; ae 
<RXE>> Receive Transmission 


control 


control 


SCOCR 
<PE> <EVEN> 


Parity control 


There isn’tin 
channel 1 


(Shared by P90) 


(Shared by P91) Ty 
SCOCR 


<OERR> <PERR> <FERR> 


ry 


Internal bus 


Figure 3.11 (12). Block Diagram of the Serial Channel 0 
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Figure 3.11 (13) shows the block diagram of the serial channel 1. 


pe-sss7" Serial clock generation circuit ~~~-~-- >>> mnt r rman 4 


' 
' 
! BRICR<BRICK1,0> TOOTRG (Timer 0 comparator output) 
' 


ae < cs : 


i 
H 
' H - UART - ' 
wTo(fes) tH s| fs]! £ 2 | SIOCLK 
i —— | 5 

1672 (fe/16) 4S = \ o o 1 

1378 (fc/64) +> 2 “ H a we ! 

H ! 4 bo ' “ “ 1 

19732 (fe/256) >] 4 = ! 

' i ' ' 

1 ' ! H 

Baud rat 

=" Generator | | SCIMOD scimoD | 

161 (fc/2) <SC1,0> <SM1,0> | 

H i 

H . i 

: | 

' wv | /O interface mode ' 

i i { 
SCLK1. G4 >| 2 ‘ 
input : ' 
(Shared =! H 
by P95) &------------------------------4------------------------ 4 

sciMOD 
<lOoc> 
SCLK1. 
Output INTRX1 INTTX1 
(Shared 4 4 
Pye) Receive sc1mop] Seri Transmission 
counter WuU> counter 
(UART only + 16) (UART only + 16) 
RXDCLK TXDCLK 
SCiIMOD Receive Transmission 
<RXE> control control 


SCICR 
<PE> <EVEN> 


Parity control 


RxDO O Receive buffert (Shift register) 


(Shared by P94) ig! 


(Shared by P93) 
SCICR 
<OERR><PERR><FERR> 


Internal bus 


Figure 3.11 (13). Block Diagram of the Serial Channel 1 
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@ Baud Rate Generator 


Baud rate generator comprises a circuit that gener- 
ates transmission and receiving clocks to determine the 
transfer rate of the serial channel. 

The input clock to the baud rate generator, @TO (fc/ 
4), o12 (fc/16), @T8 (fc/64), or 132 (fc/256) is generated 
by the 9-bit prescaler which is shared by the timers. One 


@ UART mode 


Transfer rate = 


@ |/O interface mode 


Transfer rate = 


Input clock of baud rate generator 
Frequency divisor of baud rate generator 


TMP96C141 AF 


of these input clocks is selected by the baud rate genera- 
tor control register BROCR/BR1CR <BROCK1, 0/ 
BR1CK1, O>. 

The baud rate generator includes a 4-bit frequency 
divider, which divides frequency by 2 to 16 values to 
determine the transfer rate. 

How to calculate a transfer rate when the baud rate 
generator is used is explained below. 


+16 


Input clock of baud rate generator 
Frequency divisor of baud rate generator 


The relation between the input clock and the source clock (fc) is as follows: 


gTO= fo/4 
O12 = fc/16 
OT8= fc/64 


(132 = fc/256 


Accordingly, when source clock fc is 12.288 MHz, input clock is @T2 (fc/16), and frequency divisor is 5, the transfer rate 


in UART mode becomes as follows: 


Transfer rate = fc/16 =16 


5 


= 12.288 x 10°/16/5/16 = 9600 (bps) 


Table 3.11 (1) shows an example of the transfer rate in UART mode. 
Also with 8-bit timer O, the serial channel can get a transfer rate. Table 3.11 (2) shows an example of baud rate using 


timer O. 
Table 3.11 (1) Selection of Transfer Rate (1) (When Baud Rate Generator is Used) 
Unit (kbps) 
Input Clock 
fe [Mhz] riseusnes 970 gT2 gT8 132 
(fc/4) (fc/16) (fc/64) (fc/256) 
Divisor 
9.830400 2 76.800 19.200 4.800 1.200 
tT 4 38.400 9.600 2.400 0.600 
tT 8 19.200 4.800 1.200 0.300 
tT 0 9.600 2.400 0.600 0.150 
12.288000 5 38.400 9.600 2.400 0.600 
T A 19.200 4.800 1.200 0.300 
14.745600 3 76.800 19.200 4.800 1.200 
T 6 38.400 9.600 2.400 0.600 
T C 19.200 4.800 1.200 0.300 


Transfer rate in I/O interface mode is 8 times as fast as the values given in the above table. 
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Table 3.11 (2) Selection of Transfer Rate (1) (When Timer 0 (Input Clock ¢T1) is Used) 


Unit (Kbps) 
12.288MHz 12MHz 9.8304MHz 8MHz 6.144MHz 
96 76.8 62.5 48 
48 38.4 31.25 24 
32 31.25 16 
24 19.2 12 
19.2 9.6 
12 9.6 6 
9.6 48 
6 48 3 
48 24 


How to calculate the transfer rate (when timer O is used): 


Transfer rate = fc 
TREGO x 8 x 16 


i 


Input clock of timer O 
gii= 8 
g14= 32 

gT16 = 128 


(When timer O (input clock @T1) is used) 


Note: Timer 0 match detect signal cannot be used as the transfer clock in I/O interface mode. 


@ Serial Clock Generation Circuit 


This circuit generates the basic clock for transmitting 
and receiving data. 


1) I/O interface mode (channel 1 only) 


When in SCLK output mode with the set- 
ting of SC1CR <IOC> = “O", the basic clock 
will be generated by dividing by 2 the output 
of the baud rate generator as described 
before. When in SCLK input mode with the 
setting of SC1CR <IOC> = “1", the rising 
edge or falling edge will be detected accord- 
ing to the setting of SC1CR <SCLKC> regis- 
ter to generate the basic clock. 


hs 


Asynchronous Communication (UART) mode 


According to the setting of SCOCR and 
SC1CR <SC1, O>, the above baud rate gen- 
erator clock, internal clock @1 (500 Kbps @ fc 
= 16 MHz), or the match detect signal from 
timer O will be selected to generate the basic 
clock SIOCLK. 


@® Receiving Counter 


The receiving counter is a 4-bit binary counter 
used in asynchronous communication (UART) mode 
and counts up by SIOCLK clock. Sixteen pulses of 
SIOCLK are used for receiving one bit of data, and 
the data bit is sampled three times at 7th, 8th and 
9th clock. 

With the three samples, the received data is 
evaluated by the rule of majority. 

For example, if the sampled data bit is “1", “O” and 
“4” at 7th, 8th and 9th clock respectively, the received 
data is evaluated as “1”. The sampled data “O", “O” and 
“1” is evaluated that the received data is “O”. 


® Receiving Control 


1) I/O interface mode (channel 1 only) 


When in SCLK1 output mode with the 
setting of SC1CR <IOC> = “O", RxD1 signal 
will be sampled at the rising edge of shift 
clock which is output to SCLK pin. 

When in SCLK input mode with the set- 
ting SC1CR <lIOC> = “1", RxD1 signal will be 
sampled at the rising edge or falling edge of 
SCLK input according to the setting of 


SCICR <SCLKS> register. 
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2) Asynchronous Communication (UART) mode 


The receiving control has a circuit for 
detecting the start bit by the rule of majority. 
When two or more “O” are detected during 3 
samples, it is recognized as start bit and the 
receiving operation is started. 

Data being received is also evaluated by 
the rule of majority. 


© Receiving Buffer 


To prevent overrun error, the receiving buffer has a 
double buffer structure. 

Received data is stored one bit by one bit in the 
receiving buffer 1 (shift register type). When 7 bits or 8 
bits of data are stored in the receiving buffer 1, the stored 
data is transferred to another receiving buffer 2 (GCOBUF/ 
SC1BUF), generating an interrupt INTRXO/INTRX1. The 
CPU reads only receiving buffer 2 (SCOBUF/SC1 BUF). 
Even before the CPU reads the receiving buffer 2 
(SCOBUF/SC1 BUF), the received data can be stored in 


SIOCLK 
15 16:1 2 3 4 5 6 
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the receiving buffer 1. However, unless the receiving 
buffer 2 (GCOBUF/SC1BUF) is read before all bits of the 
next data are received by the receiving buffer 1, an over- 
run error occurs. If an overrun error occurs, the contents 
of the receiving buffer 1 will be lost, although the contents 
of the receiving buffer 2 and SCOCR <RB8> SC1CR 
<RB8> are still preserved. 

The parity bit added in 8-bit UART mode and the 
most significant bit (MSB) in 9-bit UART mode are stored 
in SCOCR <RB8>/SC1CR <RB8>. 

When in 9-bit UART mode, the wake-up function of 
the slave controllers is enabled by setting SCOMOD 
<WU>/SC1MOD <WU> to “1", and interrupt INTRXO/ 
INTRX1 occurs only when SCOCR <RB8>/SC1CR 
<RB8> is set to “1”. 


© Transmission Counter 


Transmission counter is a 4-bit binary counter which 
is used in asynchronous communication (UART) mode 
and, like a receiving counter, counts by SIOCLK clock, 
generating TxDCLK every 16 clock pulses. 


9 10 11 12 13 14 15 16 


Figure 3.11 (14). Generation of Transmission Clock 


@ Transmission Controller 


1) I/O interface mode (channel 1 only) 


In SCLK output mode with the setting of 
SC1CR <lIOC> = “O", the data in the trans- 
mission buffer are output bit by bit to TxD1 
pin at the rising edge of shift clock which is 
output from SCLK1 pin. 

In SCLK input mode with the setting 
SC1CR <lIOC> = “1", the data in the trans- 
mission buffer are output bit by bit to TxD1 
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pin at the rising edge or falling edge of SCLK 
input according to the setting of SC1CR 
<SCLKC> register. 


aS) 


Asynchronous Communication (JART) mode 


When transmission data is written in the 
transmission buffer sent from the CPU, trans- 
mission starts at the rising edge of the next 
TxXDCLK, generating a transmission shift 
clock TxDSFT. 
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Handshake function 


Serial channel 0 has a CTSO pin. Using 
this pin, data can be sent in units of one 
frame; thus, overrun errors can be avoided. 
The handshake function is enabled/disabled 
by SCOMOD <CTSE>. 

When the CTSO pin goes high, after 
completion of the current data send, data 
send is halted until the CTSO pin goes low 


96C141 


again. The INTTXO Interrupts are generated, 
requests the next send data to the CPU. 

Though there is no RTS pin, a hand- 
shake function can be easily configured by 
setting any port assigned to the RTS func- 
tion. The RTS should be output “High” to 
request data send halt after data receive is 
completed by a software in the RXD interrupt 
routine. 


TxD | RxD 


cTs 


Sender 


RTS (any port) 


Receiver 


Figure 3.11 (15). Handshake Function 


Timing to write Allis 


transmission buffer 
Send is suspended 
CTS | from (1) to (2). 


oy) 13, 14 15 16 
SIOCLK —4 


TxDCLK —_ 


TxD" startbit_y KR 


Note 1: If the CTS signal falls during transmission, the next data is not sent after the completion of the current transmission. 
Note 2: Transmission starts at the first TXxDCLK clock fall after the CTS signal falls. 


Figure 3.11 (16). Timing of CTS (Clear to Send) 
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Transmission Buffer 


Transmission buffer (SCOBUF/SC1 BUF) shifts to and 
sends the transmission data written from the CPU from 
the least significant bit (LSB) in order, using transmission 
shift clock TxDSFT which is generated by the transmis- 
sion control. When all bits are shifted out, the transmis- 
sion buffer becomes empty and generates INTTXO/ 
INTTX1 interrupt. 


@® Parity Control Circuit 


When serial channel control register SCOCR <PE>/ 
SC1CR <PE> is set to “1", it is possible to transmit and 
receive data with parity. However, parity can be added 
only in 7-bit UART or 8-bit UART mode. With SCOCR 
<EVEN>/SC1CR <EVEN> register, even (odd) parity can 
be selected. 

For transmission, parity is automatically generated 
according to the data written in the transmission buffer 
SCBUF, and data are transmitted after being stored in 
SCOBUF <TB7>/SC1 BUF <TB7> when in 7-bit UART 
mode while in SCMOD <TB8>/SCMOD <TB8> when in 
8-bit UART mode. <PE> and <EVEN> must be set 
before transmission data are written in the transmission 
buffer. 

For receiving, data is shifted in the receiving buffer 1, 
and parity is added after the data is transferred in the 
receiving buffer 2 (GCOBUF/SC1 BUF), and then com- 
pared with SCOBUF <RB7>/SC1 BUF <RB7> when in 7- 


® Generating Timing 


1) UART mode 


TMP96C141 AF 


bit UART mode and with SCOMOD <RB8>/SC1MOD 
<RB8> when in 8-bit UART mode. If they are not equal, a 
parity error occurs, and SCOCR <PERR>/SC1CR 
<PERR?> flag is set 


Error Flag 


Three error flags are provided to increase the reliabil- 
ity of receiving data. 


li 


Overrun error <OERR> 


If all bits of the next data are received in 
receiving buffer 1 while valid data is stored in 
receiving buffer 2 (GCBUF), an overrun error 
will occur. 


. Parity error <PERR> 


The parity generated for the data shifted 
in receiving buffer 2 (SCBUF) is compared 
with the parity bit received from RxD pin. If 
they are not equal, a parity error occurs. 


. Framing error <FERR> 


The stop bit of received data is sampled 
three times around the center. If the majority 
is “O", a framing error occurs. 


Receiving 
Mode 9-Bit 8-Bit + Parity 8-Bit, 7-Bit + Parity, 7-Bit 
Interrupt timing Center of last bit (Bit 8) Center of last bit (parity bit) Center of stop bit 
Framing error timing Center of stop bit Center of stop bit Center of stop bit 
Parity error timing Center of last bit (Bit 8) Center of last bit (parity bit) Center of stop bit 
Overrun error timing Center of last bit (Bit 8) Center of last bit (parity bit) Center of stop bit 


Note: 
period of transfer rate. 


Transmitting 


Framing error occurs after an interrupt has occurred. Therefore, to check for framing error during interrupt operation, it is necessary to wait for 1 bit 


Mode 


9-Bit 


8-Bit + Parity 


8-Bit, 7-Bit + Parity, 7-Bit 


Interrupt timing 


Just before last bit is transmitted. 


ee 


ae 
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2) I/O Interface mode 


SCLK output mode Immediately after rise of last SCLK signal (See Figure 3.11 (19). 
Transmission interrupt timing ah Immediately after rise of last SCLK signal (rising mode), or immediately after fall in falling mode 
SCLK input mode : 
(See Figure 3.11 (20)). 
A Timing used to transfer received data to data receive buffer 2 (SC1BUF); that is, immediately after 
Ma es SCE OMDaD MOH last SCLK (See Figure 3.11 (21)). 
Receiving interrupt timing — - - — - 
Soli iiputmiode Timing used to transfer received data to data receive buffer 2 (SC1BUF); that is, immediately after 
es SCLK (See Figure 3.11 (22). 
3.11.3 Operational Description This mode is used to increase the number of I/O pins for trans- 
mitting or receiving data to or from the external shifter register. 
(1) Mode 0 (I/O interface mode) This mode includes SCLK output mode to output syn- 


chronous clock SCLK and SCLK input mode to input external 
synchronous clock SCLK. 


Output Input 
extension extension 
TMP96C141 Shift register pj —» TMP96C141 | Shiftregister pa] — 
BB] —> Bi] <— 
TxD -}—> S| Cj —> RxD QH c| << 
D|—» DI] < 
SCLK ae SCK E| — SCLK |-——>| CLOCK E] <— 
Fl —> Fl < 
Port = RCK G|—> Port }—>| S/L G| =< 
H| —~> H <— 
ae 
TC74HC595 or TC74HC165 or 
the like the like 
Figure 3.11 (17). Example of SCLK Output Mode Connection 
Output port Input port 
extension extension 
(elude eT] 
TMP96C141 Shiftregister pj —» TMP96C141 Shift register p~j <— 
Bi] —> By <— 
TxD ;-——>| SI Cc} > RxD |I<——— QH Cc} =< 
D| —> D| ~<— 
SCLK SCK E| —~> SCLK CLOCK E,| = 
Fl —~ Fl ~<— 
Port RCK G|—> Port s/L G| <— 
H| —~> H}| <— 
[iss ee | ee eee NI eee ad 
TC74HC595 or TC74HC165 or 
the like the like 


External clock External clock 


Figure 3.11 (18). Example of SCLK Input Mode Connection 
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@® Transmission time the CPU writes data in the transmission buffer. When 
all data is output, INTES1 <ITX1C> will be set to generate 


In SCLK output mode, 8-bit data and synchronous clock INTTX1 interrupt. 


are output from TxD pin and SCLK pin, respectively, each 


Timing to write 

transmission 

data 

SCLK output L,.s Lsé# LSA 
TxD (_bito X_biti X__) 


TXDSFT ee i 
ITX1C a 
est 


interrupt requ 


Figure 3.11 (19) Transmitting Operation in I/O Interface Mode (SCLK Output Mode) 


In SCLK output mode, 8-bit data are output from TxD1 When all data are output, INTES1 <ITXIC> will be set 
pin when SCLK input becomes active while data are to generate INTTX1 interrupt. 
written in the transmission buffer by CPU. 


SCLK input oe eck A ce ee 


(SCLKC = 0: Rising edge mode) 
SCLK inpu 


put 
(SCLKC = 1: Falling edge mode) 


TxD (“bito X_bit1_X\) bits X_ bite __bit7 ) 


TxDSFT I | | A | I 
fo 


ITX1C (INTTX1 
interrupt request) 


Figure 3.11 (20). Transmitting Operation in I/O Interface Mode (SCLK Input Mode) 
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@ Receiving <IRX1C> is cleared by reading the received data. 
When 8-bit data are received, the data will be trans- 
ferred in the receiving buffer 2 (GC1BUF) at the timing 
shown below, and INTES1 <IRX1C> will be set again 
to generate INTRX1 interrupt. 


In SCLK output mode, synchronous clock is output 
from SCLK pin and the data is shifted in the receiving 
buffer 1 whenever the receive interrupt flag INTES1 


. Saas 


en aay ~s 


Timing to shift data in 
the receiving buffer 2 INTRX1 | 


Figure 3.11 (21). Receiving Operation in I/O Interface Mode (SCLK Output Mode) 


In SCLK input mode, the data is shifted in the receiving data will be shifted in the receiving buffer 2 (GC1BUF) at 
buffer 1 when SCLK input becomes active, while the the timing shown below, and INTES1 <IRX1C> will be set 
receive interrupt flag INTES1 <IRX1C> is cleared by read- again to generate INTRX interrupt. 


ing the received data. When 8-bit data is received, the 


sincera a 
SCLK input pee! i Se ae ae 2 oo 


(SCLKC = 1: Falling edge mode) 
RxD bito__X_bitt__yoit2 


Timing to shift data Generate 


in the receiving INTRX1 
buffer 2 a re cae a at UC eee 


Figure 3.11 (22). Receiving Operation in I/O Interface Mode (SCLK Input Mode) 


Note: For data receiving, the system must be placed in the receive enable state (GCMOD <RXE> = “1”) 
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(2) Mode 1 (7-bit UART Mode) and even parity or odd parity is selected by SCOCR 


The 7-bit mode can be set by setting serial channel 


<EVEN> /SC1CR <EVEN> when <PE=> is set to “1” 
(enable). 


mode register SCOMOD <SM1, 0> /SC1MOD <SM1, 


O> to “O01”. Setting example: | When transmitting data with the 
In this mode, a parity bit can be added, and the addi- following format, the control 
tion of a parity bit can be enabled or disabled by serial registers should be set as described 
channel control register SCOCR <PE> /SC1CR <PE>, below, Channel 0 is explained here. 
=o Cr) amo en 8 8 
<«=———— Direction of transmission (transmission rate: 2400 bps @ fc = 12.288MHz) 
7 6 5 4 3 2 1 0 
Ee a ES "J select P90 as the TxD pin. 
POFC ce x = Xx = xX x 1 
SCOMOD ¢ x 0 - xX 0 1 0 1 Set 7-bit UART mode. 
SCOCR = Xx 1 1 X X X 0 0 Add an even parity. 
BROCR <« 0 x 1 0 0 1 0 1 Set transfer rate at 2400 bps. 
TRUN | x Start the prescaler for the baud rate generator. 
INTESO | 1 0 0 = = 7 = Enable INTTXO interrupt and sets interrupt level 4. 
SCOBUF <« ~* - 7 7 . is is e Set data for transmission. 
Note: x; don’tcare -;no change 
(8) Mode 2 (8-bit UART Mode) SC1CR <PE>, and even parity or odd parity is selected 


The 8-bit UART mode can be specified by setting 


by SCOCR <EVEN>/SC1CR <EVEN> when <PE> is 
set to “1” (enable). 


SCOMOD <SM1, 0>/ SC1MOD <SM1, O> to “10”. In te 
this mode, parity bit can be added, the addition of a Setting example: — When receiving data with the 
parity bit is enabled or disabled by SCOCR <PE> / following format, the control register 


should be set as described below. 


7D a Eo ED CD 8 EB 


=«———— Direction of transmission (transmission rate: 9600 bps @ fc = 12.288MHz) 
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Main setting 
7 6 5 4 3 2 1 0 
P9CR < xX x So So, 0 - Select P91 (RxD) as the input pin. 
SCOMOD <«€ - 0 1 x 1 0 0 1 Enable receiving in 8-bit UART mode. 
SCOCR < xX 0 1 Xx Xx Xx 0 0 Add an odd parity. 
BROCR « 0 x 0 1 0 1 0 1 Set transfer rate at 9600 bps. 
TRUN ae Xx Start the prescaler for the baud rate generator. 
INTESO < 1 1 0 0 Enable INTTXO interrupt and sets interrupt level 4. 
Interrupt processing 
Acc — SCOCR and 00011100 ) Check for error, 
If Acc + 0 then ERROR 
Acc < SCOBUF Read the received data. 
Note: x; don’t care -; no change 
(4) | Mode 3 (9-bit UART Mode) Wake-up function 
The 9-bit UART mode can be specified by setting In 9-bit UART mode, the wake-up function of slave 
SCOMOD <SM1. O> /SCG1MOD <SM1. O> to “11”. In controllers is enabled by setting SCOMOD <WU> / 


SC1MOD <WUs to “1”. The interrupt INTRX1/INTRXO 


this mode, parity bit cannot be added 
pee occurs only when <RB8> = 1 


For transmission, the MSB (9th bit) is written in SCMOD 
<TB8>, while in receiving it is stored in SCCR <RB8>. 
For writing and reading the buffer, the MSB is read or 
written first, then SCOBUF/SC1 BUF. 


Master Slave 1 Slave 2 Slave 3 


Note: TxD pin of the slave controllers must be in open drain output mode. 


Figure 3.11 (23). Serial Link Using Wake-Up Function 
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Protocol @® The master controller transmits one-frame data 
including the 8-bit select code for the slave control- 
® Select the 9-bit UART mode for master and slave lers. The MSB (bit 8) <TB8> is set to “1”. 
controllers. 


@ Set SCOMOD <WU>/SC1MOD <WUs> bit of each 
slave controller to “1” to enable data receiving. 


\@OOQ0000" 


Select code of slave controller 


@ Each slave controller receives the above frame, and © The master controller transmits data to the specified 
clears WU bit to “O” if the above select code matches slave controller whose SCOMOD <WU>/SC1MOD 
its own select code. <WU?> bit is cleared to “O.” The MSB (bit 8) <TB8> is 

cleared to “O”. 


\@OOOOGOO a" 
) ee eens 


Data 
© The other slave controllers (with the <WU> bit remain- The slave controllers (WU = 0) can transmit data 
ing at “1”) ignore the receiving data because their to the master controller, and it is possible to indicate 
MSBs (bit 8 or <RB8>) are set to “O” to disable the the end of data receiving to the master controller by 
interrupt INTRXO/INTRX1. this transmission. 
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Setting Example: To link two slave controllers serially the internal clock 1 (fc/2) as the 
with the master controller, and use transfer clock. 


TxD RxD 


RxD 


TxD 


Master Slave 1 


Select code Select code 
00000001 00001010 
Since serial channels 0 and 1 operate in exactly the way, Channel 0 is used for the purposes of explanation. 


same 


¢ Setting the master controller 


Main setting 
P9CR << xX Xx Se = 0 
POFC ey ' 7 y 7 ; : ) Select P90 as TxD pin and P91 as RxD pin. 
INTESO <- 1 1 0 0 1 1 0 1 Enable INTTXO and sets the interrupt level 4. 
Enable INTRXO and sets the interrupt level 5. 
SCOMOD < 1 0 1 0 1 1 1 0 Set @1 (fc/2) as the transmission clock in 9-bit UART mode. 
SCOBUF <« 0 0 0 0 0 0 0 1 Set the select code for slave controller 1. 
INTTXO interrupt 
SCOMOD < - 0 Set TB8 to “0”. 
SCOBUF <« ~* zs = * * ‘ 7 Set data for transmission. 


© Setting the slave controller 2 


Main setting 
P9CR e 
) Select P91 as RxD pin and P90 as TxD pin (open drain output). 
POFC e 
ODE a 
e Enable INTRXO and INTTXO. 
<< 


Set <WUs to “1” in the 9-bit UART transmission mode with transfer 
clock 1 (fc/2). 


INTESO 
SCOMOD 


>< 
>< 
—- a4 =k Ox 
>< 
= a4 =x Ox 
= | 
oo - = = 


oo s+ K XK 
st 
oO 


INTRXO interrupt 

Acc < SCOBUF 

If Acc = Select Code 

Then SCOMOD4 a - - = = Clear <WU> to “0”. 
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3.12 Analog/Digital Converter Figure 3.12 (1) shows the block diagram of the A/D con- 
The TMP96C141AF contains a high-speed analog/digital con- _-verter. The 4-channel analog input pins (ANS to ANO) are 


verter (A/D converter) with 4-channel analog input that features shared by input-only PS and so can be used as input port. 
10-bit successive approximation. 


Internal bus 


A/D converter mode register (ADMOD) 


ADCH 1.9 EOCF ADBF REPET SCAN «pcs ADS 


A/D converter 
control circuit 


interrupt 


Analog input 

AN3 (P53) L-> 

pec oO A/D conversion result register 
R 

AN1 (P51) [> (ADREGO to ADREG3) 

ANO (P50) [+> 


D/A converter 


Figure 3.12 (1). Block Diagram of A/D Converter 


This A/D converter does not have a built-in sample and hold circuit. Therefore, when A/D converting high-frequency signals, connect a sample and 
hold circuit externally. 


Note: 
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ADBF REPET SCAN ADCH1 : ADCHO 


ADCS : ADS 


ADMOD 
(O05EH) 


Analog Input 


AID A/D : Repeat Sean AO aN) 
Channel Select 


conversion : conversion : mode : mode : conversion i conversion : 
EndFlag :BUSYFlag_ : Speed : Start 


: :0: Single : : ee ; 
: 1:END 1: BUSY : mode :0: Fixed :0: High conversion 
Function : 1: Repeat: channel : speed :Start : 
i modé mode mode : 
: 1: Channel : 1: Low : Always 
: Scan : speed read as 


ANO>AN1 


ANO>AN1>AN2 


ANO-AN17AN2-AN3 


Start A/D conversion. 


Note) Always “0” when data is read. 
A/D conversion speed selection 


A/D High speed conversion mode: 160 states = 20s (@16MHz) 


A/D conversion ended 


Figure 3.12 (2). A/D Control Register 
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(0060H) 


ADREGOH 
(0061H) 


ADREGIL 
(0062H) 


ADREGIH 
(0063H) 
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7 6 5 4 3 2 1 0 
bit Symbol ADRO1 ADROO 
Read/Write R 
After reset Undefined 1 1 1 1 1 1 
Function Lower 2 bits of A/D result for ANO are stored. 

7 6 5 4 3 2 1 0 
bit Symbol ADRO9 ADRO8 ADRO7 ADRO6 ADRO5 ADRO04 ADRO3 ADRO2 
Read/Write R 
After reset Undefined 
Function Upper 8 bits of A/D result for ANO are stored. 

7 6 5 4 3 2 1 0 
bit Symbol ADR11 ADR10 
Read/Write R 
After reset Undefined 1 1 1 1 1 1 
Function Lower 2 bits of A/D result for AN1 are stored. 

7 6 5 4 3 2 1 0 
bit Symbol ADR19 ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12 
Read/Write R 
After reset Undefined 


Function 


Upper 8 bits of A/D result for AN1 are stored. 


Figure 3.12 (3-1). A/D Conversion Result Register (ADREGO, 1) 
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ADREG2L 
(0064H) 


ADREG2H 
(0065H) 


ADREG3L 
(0066H) 


ADREG3H 
(0067H) 


142 


7 6 5 4 3 2 1 0 
bit Symbol ADR21 ADR20 ae ee ee 
Read/Write R 
After reset Undefined 1 1 1 1 1 1 


Function Lower 2 bits of A/D result for AN2 are stored. 

7 6 5 4 3 2 1 0 
bit Symbol ADR29 ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22 
Read/Write R 
After reset Undefined 


Function Upper 8 bits of A/D result for AN2 are stored. 

7 6 5 4 3 2 1 0 
bit Symbol ADR31 ADR30 ee ie 
Read/Write R 
After reset Undefined 1 1 1 1 1 1 


Function Lower 2 bits of A/D result for AN3 are stored. 

7 6 5 4 3 2 1 0 
bit Symbol ADR39 ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32 
Read/Write R 
After reset Undefined 


Function 


Upper 8 bits of A/D result for AN3 are stored. 


Figure 3.12 (3-2). A/D Conversion Result Register (ADREG2, 3) 


TOSHIBA CORPORATION 


3.12.1 Operation 


(1) 


Analog Reference Voltage 


High analog reference voltage is applied to the VREF 
pin, and low analog reference voltage is applied to 
AGND pin. 

The reference voltage between VREG and AGND is 
divided by 1024 using ladder resistance, and com- 
pared with the analog input voltage for A/D conversion. 


Analog Input Channels 


Analog input channel is selected by ADMOD <ADCH1, 
O>. However, which channel to select depends on the 
operation mode of the A/D converter. 

In fixed analog input mode, one channel is selected by 
ADMOD <ADCH1, 0> among four pins: ANO to ANS. 
In analog input channel scan mode, the number of 
channels to be scanned from ANO is specified by 
ADMOD <ADCH1, O>, such as ANO + AN1, ANO > 
AN1 > AN2, and ANO > AN1 > AN2 > ANS. 

When reset, A/D conversion channel register will be ini- 
tialized to ADMOD <ADCH1, O> = 00, so that ANO pin 
will be selected. 

The pins which are not used as analog input channel 
can be used as ordinary input port P65. 


Starting A/D Conversion 


A/D conversion starts when A/D conversion register 
ADMOD <ADS> is written “1". When A/D conversion 
starts, A/D conversion busy flag ADMOD <ADBF> 
which indicates “A/D conversion is in progress” will be 
set to “1". 


A/D Conversion Mode 


Both fixed A/D conversion channel mode and A/D 
conversion channel scan mode have two conversion 
modes, i.e., single and repeat conversion modes. 

In fixed channel repeat mode, conversion of specified 
one channel is executed repeatedly. 

In scan repeat mode, scanning from ANO, «*: > ANS is 
executed repeatedly. 

A/D conversion mode is selected by ADMOD <REPET, 
SCAN>. 
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A/D Conversion Speed Selection 


There are two A/D conversion speed modes: high 
speed mode and low speed mode. The selection is 
executed by ADMOD <ADCS> register. 

When reset, ADMOD <ADCS> will be initialized to “O,” 
so that high speed conversion mode will be selected. 


A/D Conversion End and Interrupt 


e A/D conversion single mode 
ADMOD <EOCF> for A/D conversion end will be 
set to “1,” ADMOD <ADBF> flag will be reset to “O,” 
and INTAD interrupt will be enabled when A/D conver- 
sion of specified channel ends in fixed conversion 
channel mode or when A/D conversion of the last 
channel ends in channel scan mode. 
e A/D conversion repeat mode 
For both fixed conversion channel mode and con- 
version channel scan mode, INTAD should be disabled 
when in repeat mode. Always set the INTEOAD at 
“OOO,” that disables the interrupt request. 
Write “O” to ADMOD <REPET> to end the repeat 
mode. Then, the repeat mode will be exited as soon as 
the conversion in progress is completed. 


Storing the A/D Conversion Result 


The results of A/D conversion are stored in ADREGO to 
ADREGS registers for each channel. In repeat mode, 
the registers are updated whenever conversion ends. 


ADREGO to ADREGS are read-only registers. 
Reading the A/D Conversion Result 


The results of A/D conversion are stored in ADREGO to 
ADREGS registers. When the contents of one of 
ADREGO to ADREGS registers are read, ADMOD 
<EOCF> will be cleared to “O". 


Setting example: | When the analog input voltage of the 
ANS pin is A/D converted and the 
result is stored in the memory 
address FF10H by AVD interrupt 
INTAD routine. 
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Main setting 
— INTEOAD - 4 1 0 
_ ADMOD - xX Xx 0 0 0 1 1 1 


INTAD routine 
WA < _ ADREG3 
WA > > 6 


(OOFF10H) < WA 


Enable INTAD and sets interrupt level 4. 


Specify AN3 pin as an analog input channel and starts A/D conversion in high speed 
mode. 


Read ADREG3L and ADREG3H values and writes to WA (16 bit). 
Right-shifts WA six times and writes 0 in upper bits. 
Writes contents of WA in memory at FF10H. 


When the analog input voltage of ANO ~ AN2 pins is A/D converted in high speed conversion channel scan repeat mode. 


INTEOAD < 1 0 0 
ADMOD < xX X 1 1 0 1 1 0 


Note: x; don’tcare -;no change 


3.13 Watchdog Timer (Runaway Detecting Timer) 
The TMP96C141AF is containing watchdog timer of Runaway 
detecting. 

The watchdog timer (WDT) is used to return the CPU to 
the normal state when it detects that the CPU has started to 
malfunction (runaway) due to causes such as noise. When the 


144 


Disable INTAD. 


Start the A/D conversion of analog input channels ANO ~ AN2 in the high-speed 
scan repeat mode. 


watchdog timer detects a malfunction, it generates a non- 
maskable interrupt to notify the CPU of the malfunction, and 
outputs O externally from watchdog timer out pin WDTOUT to 
notify the peripheral devices of the malfunction. 

Connecting the watchdog timer output to the reset pin 
internally forces a reset. 
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3.13.1 Configuration 
Figure 3.13 (1) shows the block diagram of the watchdog timer (WDT). 


WDTOUT 


RESET WDMOD <RESET> 


INTWD <— —— ears sot 


CL] WDTOUT 


Watchdog timer 
out control 


wpMop—> 
<woTP1,0>—»| Selector 


enable 


fc/4 Reset 


Watchdog timer 
22-stage binary counter 


<WDTE>| 


(Stop or Idle mode) 


Watchdog timer 
control register 


,__ Internal bus eee 


Figure 3.13 (1). Block Diagram of Watchdog Timer 
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The watchdog timer is a 22-stage binary counter which 
uses @ (fc/2) as the input clock. There are four outputs from the 
binary counter: 2'6/fc, 2'8/fc, 2?°/fc, and 2??/fc. Selecting one 
of the outputs with the WDMOD register generates a watch- 
dog interrupt, and outputs watchdog timer out when an over- 
flow occurs. 

Since the watchdog timer out pin (WDTOUT) outputs “O” 
due to a watchdog timer overflow, the peripheral devices can 


WDT Counter n 
WODT Interrupt 


WODT Clear 
(Soft ware) 


be reset. The watchdog timer out pin is set to 1 by clearing the 
watchdog timer (by writing a clear code 4EH in the WDCR reg- 
ister). In other words, the WDTOUT keeps outputting “O” until 
the clear code is written. 

The watchdog timer out pin can also be connected to the 
reset pin internally. In this case, the watchdog timer out pin 
(WDTOUT) outputs O at 8 to 20 states (800ns to 2us @ 
20MHz) and resets itself. 


a 


—_——$_ $$ —_—_|mi— 


Clear code of write 


a ee 
WDTOUT | ‘ 


Figure 3.13 (2). Normal Mode 


Over flow 


WDT Counter n 
SS ee ee 
WODT Interrupt | 
a 


WDTOUT 


(Internal Reset) ee 
| | 


Figure 3.13 (3). Reset Mode 
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3.13.2 Control Registers 


Watchdog timer WDT is controlled by two control registers 
WDMOD and WDCR. 


(1) | Watchdog Timer Mode Register (WDMOD) 


® Setting the detecting time of watchdog timer 
<WDTP> 


This 2-bit register is used to set the watchdog timer 
interrupt time for detecting the runaway. This register is 
initialized to WOMOD <WDTP1, O> = 00 when reset, 
and therefore 2'®/fc is set. (The number of states is 
approximately 32,768). 


@® Watchdog timer enable/disable control register 
<WDTE> 


When reset, WOMOD <WDTEsS is initialized to “1” 
enable the watchdog timer. 


e Disable control 


| woMOoD « 0 x x 
| wor « 1 0 1 4 0 0 0 1 


e Enable control 
Set WDMOD <WDTE> to “1". 


e Watchdog timer clear control 
The binary counter can be cleared and resume 


WDCR « 0 1 0 0 1 1 1 0 
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To disable, it is necessary to clear this bit to “O” and 
write the disable code (B1H) in the watchdog timer 
control register WDCR. This makes it difficult for the 
watchdog timer to be disabled by runaway. 

However, it is possible to return from the disable state 
to enable state by merely setting <WDTE> to “1". 


@ Watchdog timer out reset connection <RESCR> 


This register is used to connect the output of the 
watchdog timer with RESET terminal, internally. Since 
WDMOD <RESCR3 is initialized to O at reset, a reset 
by the watchdog timer will not be performed. 


Watchdog Timer Control Register (WDCR) 


This register is used to disable and clear the binary 
counter of the watchdog timer function. 


Clear WOMOD <WDTE> to “0”. 
Write the disable code (B1H). 


counting by writing clear code (4EH) into the WDCR reg- 
ister. 


Write the clear code (4EH). 
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(005CH) 
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bit Symbol 


WDTE | WDTP1 | WDTPO : WARM : HALTMO: HALTMO: RESCR : DRVE 


WDT : 
control :00: 216/fc 
:01: 218/fc 
1: Enable 10: 22/fc 
11: 222/fc 


Select detecting time Warming ‘Standby mode 


:Uptime : : : 
: :00: RUN mode ‘Internally: Drive the 
: connects: pinevenin 


:WDT out to : STOP mode 


0: 214/fc 
11: 216/fc 


'11: Don't care the reset pin: 


DRVE (explanation by stop mode) 


Watchdog timer out control 


Connects WDT out to a reset 


RUN mode (Only the CPU stops) 


STOP mode (All circuits stop) 


Don't care 


Select the detecting period of watchdog 
timer 


214/fc (approx. 1.0ms @16MHz) 


216/fc (approx. 4.1ms @16MHz) 


216/fc (approx. 4.1ms @16MHz) 


218/fc (approx. 16ms @16MHz) 


220/fc (approx. 66ms @16MHz) 


222/fc (approx. 262ms @16MHz) 


Disable 


Enable 


Figure 3.13 (4). Watchdog Timer Mode Register 
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Eee 


bit Symbol 
Read/Write 


After reset 


B1H : WOT disable code 
4EH : WDT clear code 
Function 


Disable/clear WDT 
Disable code 


4EH Clear code 


Others |— 


Figure 3.13 (5). Watchdog Timer Control Register 
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3.13.3 Operation 


The watchdog timer generates interrupt INTWD after the 
detecting time set in the WOMOD <WDTP1, O> register and 
outputs a low level signal. The watchdog timer must be zero- 
cleared by software before an INTWD interrupt is generated. If 
the CPU malfunctions (runaway) due to causes such as noise, 
but does not execute the instruction used to clear the binary 
counter, the binary counter overflows and an INTWD interrupt 
is generated. The CPU detects malfunction (runaway) due to 
the INTWD Interrupt and it is possible to return to normal oper- 


Example: @® Clear the binary counter 


WDCR -— 0 1 0 0 1 ~=41 


@ Set the watchdog timer detecting time to ole 


WOMOD « 1 0 1 =- - = 


® Disable the watchdog timer 


WDMOD < 0 
WDCR -— 1 0 1 1 0 #0 


® Set IDLE mode 


WDMOD ¢ 0O 1150) 
WDCR -« 10 1 1 0 =0 
Executes HALT command 


© Set the STOP mode (warming up time: 216 /fc) 


WDMOD « - - - 1 0 1 
Executes HALT command 
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x 


x 


ation by an anti-malfunction program. By connecting the 
watchdog timer out pin to peripheral devices’ resets, a CPU 
malfunction can also be acknowledged to other devices. 


The watchdog timer restarts operation immediately after 


resetting is released. 


The watchdog timer stops its operation in the IDLE and 


STOP modes. In the RUN mode, the watchdog timer is 
enabled. 


However, the function can be disabled when entering the 


RUN mode. 


0 


XxX 


xX 


Write clear code (4EH). 


Clear WDTE to “O". 
Write disable code (B1H). 


Disables WDT and sets IDLE mode. 


Set the standby mode 


Set the STOP mode. 
Execute HALT instruction. Set the standby mode. 
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4. Electrical Characteristics 


4.1 Absolute Maximum (TMP96C141AF) 


TMP96C141 AF 


Symbol Parameter Rating Unit 
Voc Power Supply Voltage -0.5~6.5 V 
VIN Input Voltage 0.5 ~ Veg + 0.5 V 
LIOL Output Current (total) 100 mA 
XIOH Output Current (total) -100 mA 
PD Power Dissipation (Ta = 70°C) 600 mW 
T SOLDER Soldering Temperature (10s) 260 °C 
TSTG Storage Temperature -65 ~ 150 alt 
T OPR Operating Temperature -20 ~ 70 xe 


4.2 DC Characteristics (TMP96C141AF) 
Voc = 5V + 10%, Ta = -20 ~ 70 C (Typical values are for Ta = 25 C and V,,, = 5V) 


Symbol Parameter Min Max Unit Test Condition 

VIL Input Low Voltage (ADO-15) -0.3 0.8 V 

VILA P2, P3, P4, P5, P6, P7, P8, P9 -0.3 0.3Vo¢ V 

VIL2 RESET, NMI, INTO (P87) -03 0.25Vo V 

VIL3 FA -0.3 0.3 Vv 

VIL4 x1 -0.3 0.2Vo¢ V 

VIH Input High Voltage (ADO-15) 2.2 Veg + 0.3 V 

VIH1 P2, P3, P4, P5, P6, P7, P8, P9 0.7Vo¢ Vog + 0.3 V 

VIH2 RESET, NMI, INTO (P87) 0.75Vo Vog + 0.3 Vv 

VIH3 FA Vog - 0.3 Vog + 0.3 Vv 

VIH4 x1 0.8Vo¢ Vog + 0.3 V 

VOL Output Low Voltage 0.45 V | 10L=1.6mA 

VOH Output High Voltage 24 V | LOH =-400uA 

V 0H1 0.75Ve¢ V | 1OH=-100pA 

V OH2 0.%Vo¢ V | LOH= - 20pA 

'DAR | ouput Pins max} 10 35 | mA Terr tka 

ILI Input Leakage Current 0.02 (Typ) ar WA | 0.0<Vin< Vee 

ILO Output Leakage Current 0.05 (Typ) +0 VA | 0.2 <Vin <Voe- 0.2 
eo Current (RUN) 26 (Typ) : MA | t o¢¢ = 16MHz 

lis ; : 1.7 (Typ) e 
STOP (Ta = -20 ~ 70°C) 0.2 (Typ) 50 WA | 0.2<VinS Vee - 0.2 
STOP (Ta = 0 ~ 50°C) 10 WA | 0.2<VinS Veo - 0.2 

oe | Soa. 2 co |v (vapetale 

R RST RESET Pull Up Register 50 150 KQ 

C10 Pin Capacitance 10 pF | tosc = 1MHz 

VTH SET NUT INTO Bip 04 1.0 (Typ) V 

RK Pull Down/Up Register 50 150 KQ 


Note: _I-DAR is guaranteed for a total of up to 8 ports. 
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4.3 AC Electrical Characteristics (TMP96C141AF) V,,. = 5V+10%, Ta = -20 ~ 70°C (4MHz ~ 20MHz) 


Variable 16MHz 20MHz 
No. Symbol Parameter Unit 
Min Max Min Max Min Max 
1 tosc Osc. Period (= x) 50 250 62.5 50 ns 
2 tei CLK width 2x - 40 85 60 ns 
3 tak A - 23 Valid->CLK Hold 0.5x - 20 11 5 ns 
4 tka CLK Valid—sA0 - 23 Hold 1.5x - 70 24 5 ns 
5 tay A0-15 Valid—sALE fall 0.5x - 15 16 10 ns 
6 tra ALE fallvA0 - 15 Hold 0.5x - 15 16 10 ns 
7 ty ALE High width x- 40 23 10 ns 
8 tic ALE fall>RD/WR fall 0.5x - 30 1 + ns 
9 tor RDMR rise—>ALE rise 0.5x - 20 11 5 ns 
10 tact AO - 15 Valid—>RD/WR fall x-25 38 25 ns 
11 tacH AO - 23 Valid—>RD/WR fall 1.5x - 50 44 25 ns 
12 toa RDMR rise—>A0 - 23 Hold 0.5x - 20 11 5 ns 
13 tapL AO - 15 Valid—sD0 - 15 input 3.0x - 45 143 105 ns 
14 taH AO - 23 Valid—>D0 - 15 input 3.5x - 65 154 110 ns 
15 RD RD fall>D0 - 15 input 2.0x - 50 75 50 ns 
16 tpp RD Low width 2.0x - 40 85 60 S 
17 HR RD risesD0 - 15 Hold 0 0 0 ns 
18 trag RD rise—>A0 - 15 output x- 15 48 35 S 
19 tww WR Low width 2.0x - 40 85 60 S 
20 tow DO - 15 Valid—sWR rise 2.0x - 50 75 50 ns 
21 two WR rise—>D0 - 15 Hold 0.5x - 10 21 15 S 
22 tagH AO - 23 Valid—>WAIT input (1WAIT + n mode) 3.5x - 90 129 85 ns 
23 tawe AO - 15 Valid—>WAIT input (1WAIT + n mode) 3.0x - 80 108 70 ns 
24 tow RD/WR fall WAIT Hold (1WAIT +n mode) 2.0x+0 125 100 ns 
25 tapy AO - 23 Valid—>PORT input 2.5x - 120 80 36 ns 
26| tape AO - 23 Valid—>PORT Hold 2.5x +50 206 175 ns 
27 top WR rise—>PORT Valid 200 200 200 ns 
28! — tagry __ | AO - 23 Valid RAS fall 1.0x - 40 23 10 ns 
29 taspL AO - 15 Valid—sRAS fall 0.5x - 15 16 10 ns 
30 trac RAS fall D0 - 15 input 2.5x - 70 130 86 ns 
31 tRaH RAS falls - 15 Hold 0.5x - 15 16 10 ns 
32 tras RAS Low width 2.0x - 40 85 60 ns 
33 tap RAS High width 2.0x - 40 85 60 ns 
34 tas CAS fallsRAS rise 1.0x - 35 28 15 ns 
35 tase RAS rise—CAS rise 0.5x - 25 6 0 ns 
36 tecp RAS fallCAS fall 1.0x - 40 23 10 ns 
37 teac CAS fall—sD0 - 15 input 1.5x - 65 29 10 ns 
38 teas CAS Low width 1.5x - 30 64 40 ns 
AC Measuring Conditions 
© Output Level: High 2.2V /Low 0.8V, CL50pF 


(However CL = 


e Input Level: 
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High 2.4V 


High 0.8Vcc /Low 0.2Vcc (Except for ADO ~ AD15) 


100pF for ADO ~ AD15, ADO ~ AD23, ALE, RD, WR, HWR, R/W, CLK, RAS, CASO ~ CAS2) 
/Low 0.45V (ADO ~ AD15) 
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(1) Read Cycle 


A0~23 


Port Input 


RAS 


ADO~15 


ALE 
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(2) Write Cycle 


X1 


Port Output 
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4.4 A/D Conversion Characteristics (TMP96C141AF) 
Veco = 5V410% TA = -20 ~ 70°C 


Symbol Parameter Min Typ Max Unit 
VpEF Analog reference voltage Voge - 1.5 Voc Voc 
Agnp Analog reference voltage Vig Vg Vsg V 
VAIN Analog input voltage range 5 Voc 
IREF Analog current for analog reference voltage 0.5 al9, mA 
Low speed conversion mode +1.5 (TBD) +40 
Error 4<te ; 
High speed conversion mode 43.0 (TBD 46.0 
(Quantize error of < 16MHz sheds TED) LSB 
40.5 LSB not included) Low speed conversion mode +1.5 (TBD) +4.0 
16 sic High speed conversion mode +4.0 (TBD) 48.0 
< 20MHz 
4.5 Serial Channel Timing - I/O Interface Mode 
Veco = 5V410% TA = -20 ~ 70°C 
(1) SCLK Input Mode 
Variable 16MHz 20MHz 
Symbol Parameter Unit 
Min Max Min Max Min Max 
tscy SCLK cycle 16x 1 0.8 US 
toss Output Data—srising edge of SCLK tgcy/2 - 5x - 50 137 100 ns 
tons SCLK rising edge—soutput data hold 5x - 100 212 150 ns 
tusr SCLK rising edge—input data hold 0 0 0 ns 
tsap SCLK rising edge—effective data input tscy - 5x - 100 587 450 ns 
(2) SCLK Output Mode 
Variable 16MHz 20MHz 
Symbol Parameter Unit 
Min Max Min Max Min Max 
tscy SCLK cycle (programmable) 16x 8192x 1 512 0.8 409.6 US 
toss Output Data—srising edge of SCLK tscy - 2x - 150 725 590 ns 
tons SCLK rising edge—soutput data hold 2x - 80 45 20 ns 
tusr SCLK rising edge—sinput data hold 0 0 0 ns 
tsap SCLK rising edge—effective data input tgcy - 2x - 150 725 590 ns 
4.6 Timer/Counter Input Clock (TIO, TI4, TI5, TI6, TI7) 
Veco = 5V£10% TA = -20 ~ 70°C 
Variable 16MHz 20MHz 
Symbol Parameter Unit 
Min Max Min Max Min Max 
tveK Clock cycle 8x + 100 600 500 ns 
tycKL Low level clock pulse width 4x + 40 290 240 ns 
tycKH High level clock pulse width 4x + 40 290 240 ns 


TOSHIBA CORPORATION 


155 


TMP96C141 AF 


4.7 Interrupt Operation 


Voc = 5V+10% Ta = -20 ~ 70°C 
Variable 16MHz 20MHz 
Symbol Parameter Unit 
Min Max Min Max Min Max 
tyra, | NMI, INTO Low level pulse width 4x 250 200 ns 
timaq | NMI, INTO High level pulse width 4x 250 200 ns 
tints. | INT4 ~ INT7 Low level pulse width 8x + 100 600 500 ns 
tivrsy | INT4 ~ INT7 High level pulse width 8x + 100 600 500 ns 
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4.8 Timing Chart for I/O Interface Mode 


CLK 
tscy | 
SCLK 
OUTPUT DATA 
TxD 
tsrD | tHsR 
INPUT DATA oe i 
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4.9 Timing Chart for Bus Request (BUSRQ)/BUS Acknowledge (BUSAK) 


(note) 
CLK 
> ~<— tBrc 
BUSRQ — 
tCBAL 


ADO~AD15, AO~A23, 
CSO~CS2, R/W, RAS, 
CASO~CAS2 


RD, WR, HWR 


ALE 6 l \ 


Variable 16MHz 20MHz 
Symbol Parameter Unit 
Min Max Min Max Min Max 
tgrc BUSRQ setup time for CLK 120 120 120 ns 
topaL CLK—»BUSAK falling edge 1.5x + 120 214 195 ns 
toBaH CLK—»BUSAK rising edge 0.5x + 40 71 65 ns 
tapa Output buffer is offtoBUSAK | 0 80 0 80 0 80 ns 
tBaa BUSAK — # —_ output buffer is on. 0 80 0 80 0 80 ns 
Note 1: The Bus will be released after the WAIT request is inactive, when the BUSRQ is set to “O” during “Wait” cycle. 
Note 2: This line only shows the output buffer is off-states. They don’t indicate the signal levels are fixed. After the bus is released, the signal level is kept 
dynamically before the bus is released by the external capacitance. Therefore, to fix the signal level by an external resistance under the bus is releasing, 


the design must be carefully because of the level-fix will be delayed. The internal programmable pull-up/pull-down resistance is switched active by the 
internal signal. 
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4.10 Interrupt Operation 


Voc = SV, Ta = -25°C, unless otherwise noted 


5 el ee |__| 
20 we 


5 10 15 20 25 5 10 15 20 25 
% fosc (MHz) fosc (MHz) 
Figure 5.1 Vcc -fosc TYPICAL CURVE Figure5.2  fosc-—Icc TYPICAL CURVE 
' Vcc (V) 
Figure 5.3 Icc- Vcc TYPICAL CURVE 
lou (mA) 0 1 2 3 4 5 Vout (V) 


| 
40 
-10 
30 
ea | -29 
20 
- 30 


1 2 3 4 5 Vout (V) lon (mA) 
Figure 5.4 Vout—-lor TYPICAL CURVE Figure 5.5 Vout-lon TYPICAL CURVE 
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5. Table of Special Function Registers 
(SFRs) 
(SFR; Special Function Register) 
The special function registers (SFRs) include the I/O ports 
and peripheral control registers allocated to the 128-byte 
addresses from OOOOQ00H to OO007FH. 


Configuration of the table 
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(1) I/O port 

(2) 1/O port control 

(8) Timer control 

(4) Pattern Generator control 
(5) Watch Dog Timer control 
(6) Serial Channel control 

(7) A/D converter control 

(8) Interrupt control 

(9) 


9) Chip Select/Wait Control 


>bit Symbol 
>Read/ Write 
>Initial value afrer reset 


>Remarks 


Table 5 I/O Register Address Map 


TMP96C141 AF 


Address Name Address Name Address Name Address Name 

QO0000H | PO 20H | TRUN 40H | TREG6L 60H | ADREGOL 
1H | P14 21H 41H | TREG6H 61H | ADREGOH 
2H | POCR 22H | TREGO 42H | TREG7L 62H | ADREGIL 
3H 23H | TREG1 43H | TREG7H 63H | ADREG1H 
4H | PICR 24H | TMOD 44H | CAP3L 64H | ADREG2L 
5H | P1FC 25H | TFFCR 45H | CAP3H 65H | ADREG2H 
6H | P2 26H | TREG2 46H | CAP4L 66H | ADREG3L 
7H | P3 27H | TREG3 47H | CAP4H 67H | ADREG3H 
8H | P2CR 28H | POMOD 48H | T5MOD 68H | BOCS 
9H | P2FC 29H | P1MOD 49H | T5SFFCR 69H | BICS 
AH | P3CR 2AH | PFFCR 4AH 6AH | B2CS 
BH | P3FC 2BH 4BH 6BH 
CH | P4 2CH ACH | PGOREG 6CH 
DH | P5 2DH ADH | PG1REG 6DH 
EH | P4CR 2EH 4EH | PGOICR 6EH 
FH 2FH AFH 6FH 
10H | P4FC 30H | TREG4L 50H | SCOBUF 70H | INTEOAD 
11H 31H | TREG4H 51H | SCOCR 71H | INTE45 
12H | P6 32H | TREGSL 52H | SCOMOD 72H | INTE67 
13H | P7 33H | TREGSH 53H | BROCR 73H | INTET10 
14H | P6CR 34H | CAPIL 54H | SC1BUF 74H | INTEPW10 
15H | P7CR 35H | CAP1H 55H | SC1CR 75H | INTET54 
16H | P6FC 36H | CAP2L 56H | SC1MOD 76H | INTET76 
17H | P7FC 37H | CAP2H 57H | BRICR 77H | INTESO 
18H | P8 38H | T4MOD 58H | ODE 78H | INTES1 
19H | P9 39H | TFF4CR 59H 79H 
1AH | P8CR 3AH | T45CR 5AH 7AH 
1BH | P9CR 3BH 5BH 7BH | IIMC 
1CH | P8FC 3CH 5CH | WDMOD 7CH | DMAOV 
1DH | P9FC 3DH 5DH | WDCR 7DH | DMA1V 
1EH 3EH 5EH | ADMOD 7EH | DMA2V 
1FH 3FH 5FH 7FH | DMA3V 
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(1) 1/O Port 
Symbol Name Address 7 6 5 4 3 2 1 0 
P07 P06 P05 P04 P03 P02 P01 P00 
R/W 
PO PORTO 00H 
Input mode 
Undefined 
P17 P16 P15 P14 P13 P12 P11 P10 
R/W 
P41 PORT1 O1H 
Input mode 
0 0 0 0 0 0 0 0 
P27 P26 P25 P24 P23 P22 P21 P20 
R/W 
P2 PORT2 06H 
Input mode 
0 0 0 0 0 0 0 0 
P37 P36 P35 P34 P33 P32 P31 P30 
R/W 
P3 PORT3 07H 
Input mode Output mode 
1 1 1 1 1 1 1 1 
P42 P41 P40 
R/W 
P4 PORT4 OCH 
Input mode 
0 1 1 
P53 P52 P51 P50 
P5 PORTS ODH R 
Input mode 
P67 P66 P65 P64 P63 P62 P61 P60 
R/W 
P6 PORT6 12H 
Input mode 
1 1 1 1 1 1 1 1 
P73 P72 P71 P70 
R/W 
P7 PORT/ 13H 
Input mode 
1 1 1 1 
P87 P86 P85 P84 P83 P82 P81 P80 
R/W 
P8 PORTS 18H 
Input mode 
1 1 1 1 1 1 1 1 
P95 P94 P93 P92 P91 P90 
R/W 
P9 PORT 19H 
Input mode 
1 1 1 1 1 1 
Note: When P30 pin is defined as RD signal output mode (P30F = 1), clearing the output latch register P30 to “O” outputs the RD strobe from P30 pin for 
PSRAM, even when the internal address is accessed. If the output latch register P30 remains “1”, the RD strobe is output only when the external 
address is accessed. 
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Read/Write 


R/W 
R 


Ww ; 
Prohibit RWM_ ; 


Either read or write is possible 

Only read is possible 

Only write is possible 

Prohibit Read Modify Write. (Prohibit RES/SET/TSET/CHG/STCF/ANDCF/ORCF/XORCF Instruction) 
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(2) 1/O Port Control (1/2) 
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Symbol Name Address 7 6 5 4 3 2 1 0 
PO7C POBC POSC PO4C PO3C P02C POIC POOC 
02H W 
POCR PORTO (Prohibit 
Control RMW) 0 0 | 0 0 0 0 0 0 
0: IN 1: OUT (When external access, set as AD7 - 0 and cleared to “O".) 
P17C P16C | P15C P14C P13C P12C PLC P10C 
04H W 
PICR PORT (Prohibit 
Control RMW) 0 0 | 0 0 0 0 0 0 
<<Refer to the “P1FC”>> 
P27F P26F | P25F P24F P23F P29F P21F P20F 
05H W 
PIFC PORT (Prohibit 
Function RMW) 0 0 | 0 0 0 0 0 0 
P1FC/ P1CR = 00: IN, 01: OUT, 10: AD15 - 8, 11: A23- 16 
P27C P26C | P25C P24C P23C P220 P21C P20C 
08H W 
P2CR PORT2 (Prohibit 
Control RMW) 0 0 | 0 0 0 0 0 0 
<<Refer to the “P2FC”>> 
P27F P26F | P25F P24F P23F P22F P21F P20F 
09H W 
P2FC PORT2 (Prohibit 
Function RMW) 0 0 | 0 0 0 0 0 0 
P2FC/ P2CR = 00 : IN, 01 : OUT, 10: 7-0, 11: A23-16 
P37C P36C | P35C P34C P33C P32C 
OAH W 
P3CR PORTS (Prohibit 
Control RMW) 0 0 | 0 0 0 0 
0: IN 1: OUT 
P37F P36F | P35F P34F P32F P31F P30F 
PORT3 ae = 
P3FC Prohibit 
Function sit 0 0 0 0 0 0 0 
0: PORT 0: PORT 0: PORT 0: PORT 0: PORT 0: PORT 0: PORT 
1 RAS 1:RAW | 1:BUSAK | 1:BUSRQ 1: AWR 1:WR 1:RD 
P42 PA1C P40c 
OEH W 
PACR PORTA (Prohibit 
Control RMW) 0 0 0 
0: IN 1: OUT 
P42F P41F P4OF 
10H W 
PAFC PORTA (Prohibit 
Function RMW) 0 0 0 
0: PORT 1: CS/CAS 
Note: With the TMP96C141A/TMP96C141A/TMP96C041A, which requires an external ROM, PORTO functions as ADO to AD7; PORT1, AD8 to AD15; P30, 


the RD signal; P31, the WR signal, regardless o 
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the values set in POCR, P1CR, P1FC, P30! 


F and P31F. 
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I/O Port Control (2/2) 


Symbol Name Address 7 6 5 4 3 2 1 0 
P67C P66C P65C P64C P63C P62C P61C P60C 
14H W 
PECR PORT6 (Prohibit 
Control RMW) 0 0 0 0 0 0 0 0 
0: IN 1: OUT 
P73C P72C P71C P70C 
15H W 
P7CR PORT? (Prohibit 
Control RMW) 0 0 0 0 
0: IN 1: OUT 
P67F P66F P65F P64F P63F P62F P61F P60F 
16H W 
P6FC PORTS (Prohibit 
Function RMW) 0 0 0 0 0 0 0 0 
0: PORT 1: PG1 - OUT 0: PORT 1 : PGO - OUT 
P73F P72F P71F 
PORT? wi " 
P7FC Prohibit 
Function te Y ! e 
0: PORT 0 :PORT 0: PORT 
1: 703 1: 702 1:TO1 
P87C P86C P85C P84C P83C P82C P81C P80C 
1AH W 
PECR PORT® (Prohibit 
Control RMW) 0 0 0 0 0 0 0 0 
0: IN 1: OUT 
P95C P94C P93C P92C P91C P90C 
1BH W 
POCR PORTS (Prohibit 
Control RMW) 0 0 0 0 0 0 
O:IN 1:0UT 
P86F P83F P82F 
PORTS 1CH W W W 
P8FC (Prohibit 
Function RMW) d : J 
0: PORT 0: PORT 0: PORT 
1: T06 1: 705 1: 704 
P95F P93F P92F P9OF 
PORTS 1DH W W W W 
POFC Prohibit 
Function ( 0 0 0 0 
RMW) 
0: PORT 0: PORT 0: PORT 0: PORT 
1: SCLK1 1: TxD1 1: SCLKO 1: TxDO 
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(3) Timer Control (1/4) 
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Symbol Name Address 7 6 5 4 3 2 1 0 
PRRUN T5RUN T4RUN P1RUN PORUN TIRUN TORUN 
R/W R/W 
Timer 0 0 0 0 0 0 0 
on Control 20H ; 
Prescaler and Timer Run/Stop CONTROL 
0: Stop and Clear 
1: Run (Count up) 
22H - 
TREGO 8bit Timer (Prohibit W 
Register 0 RMW) 
Undefined 
23H - 
TREGI 8bit Timer (Prohibit W 
Register 1 RMW) 
Undefined 
T10M1 T10M0 PWMM1 PWMMO TICLK1 TICLKO TOCLK1 TOCLKO 
W 
8bit Timer 24H 
TMop | SourceCLK | (Prohibit 0 0 0 0 0 0 0 0 
and MODE RMW) 00: 8-bit Timer 00: - 00 : TOOTRG 00 : TIO Input 
01 : 16-bit Timer O13 22-4 PWM 01: @71 01: @11 
10: 8-bit PPG 14 10: @116 10: 914 
11: 8-bit PWM aH erases 11: ¢1256 11:9116 
DBEN TFF1C1 TFF1CO TFFAIE TFFA1IS 
R/W W R/W 
8bit Timer 0 0 0 0 0 
TFFCR pa 25H 1: Double 00: Invert TFFI 1:TFF1 | 0: Inverted 
me Butter 01: Set TFF1 Invert by 
Enable 10: Clear TFF1 Enable Timer 0 
11: Don’t care 
TREG2 ae 26H (R)/W (Can read double buffer values.) 
Undefined 
TREGS naire 27H (R)W (Can read double buffer values.) 
Undefined 
FF2RD DB2EN PWMOINT PWMOM T2CLK1 T2CLKO PWMOS1 PWMOSO 
R W 
cate - 0 0 0 0 0 0 0 
rohibi 
POMOD:)|| EWMOMODE a TFF2 output | 1:Double | 0: Overflow | 0:PWM 00: @P1(fc/4) 00: 26-1 
value Buffer Interrupt Mode 01: @PA(fc/16) 01:2! -1 
Enable 1: Compare/ | 1: Timer 10: @P16(fc/64) 10: 28-1 
Match Mode 11: Don't care 11 : Don't care 
Interrupt 
FF3RD DB3EN PWM INT PWM1M T3CLK1 T3CLKO PWM1S1 PWM1S0 
R W 
eta 2 0 0 0 0 0 0 0 
rohibi 
BIMODAL MODE RMW) TFF3 output | 1:Double | 0: Overflow | 0:PWM 00: @Pt(fc/4) 00: 2°- 1 
value Buffer Interrupt Mode 01: @P4(fc/16) 01:2/-1 
Enable 1: Compare/ | 1: Timer 10: @P16(fc/64) 10:28 - 1 
Match Mode 11: Don’t care 11:Don't care 
Interrupt 
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Timer Control (2/4) 


Symbol Name Address 7 6 5 4 3 2 1 0 
FF3C1 FF3C0 FF3TRG1 FF3TRGO FF2C1 FF2C0 FF2TRG1 FF2TRGO 
W R/W W R/W 
0 0 0 0 0 0 0 0 
PFFCR ahi 2AH 00 : Don't care 00 : Prohibit TFF3 00 : Don't care 00 : Prohibit TFF2 
Control 01 : Set TFF3 Inverted 01 : Set TFF2 Inverted 
10 : Clear TFF3 01 : Invert if matched 10: Clear TFF2 01 : Invert if matched 
11: Don’t care 10 : Set if matched; 11: Don’t care 10 : Set if matched: 
Clear if overflowed Clear if overflowed 
11: Clear if matched; 11 : Clear if matched; 
set if overflowed set if overflowed 
30H - 
TREGAL 16-bit Timer (Prohibit W 
Register 4L RMW) - 
Undefined 
31H z 
TREG4H 16-bit Timer (Prohibit W 
Register 4H RMW) : 
Undefined 
32H 2 
TREGSL 16-bit Timer (Prohibit W 
Register 5L RMW) : 
Undefined 
33H = 
TREGSH 16-bit Timer (Prohibit W 
Register 5H RMW) 
Undefined 
caPiL | _ Capture 34H R 
Register 1L 
Undefined 
CAPIH | _ Capture 35H R 
Register 1H 
Undefined 
cape, | _ Capture 36H R 
Register 2L 
Undefined 
CAP2H | _ Capture 37H R 
Register 2H 
Undefined 
CAP2T5 EQ5T5 CAPI1IN CAP12M1 CAP12M0 CLE T4CLK1 T4CLKO 
R/W W R/W 
16-bit Timer 4 0 0 0 0 0 0 0 0 
ie ee TFF5 INV TRG 0: Soft- Capture Timing 1:UC4 Source Clock 
a 0: TRG Disable Capture 00 : Disable Clear 00: TI4 
1: TRG Enable 1:Don'tcare} 01:714 T 115 T Enable 01: @T1 
10:114 T 114 J 10: 914 
41:TFF1 T TFF1 J 11-9116 
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Timer Control (3/4) 


TMP96C141 AF 


Symbol Name Address 7 5 4 3 2 1 0 
TFF5C1 CAP2T4 CAP1T4 EQ5T4 EQ4T4 TFF4C1 TFF4CO 
— W R/W W 
16bit Timer 4 0 0 0 0 " r 0 
T4FFCR Flip-flop 39H 
Control 00 : Invert TFFS TFF4 Invert Trigger Source Clock 
01: Set TFF5 0 : Trigger Disable 00 : Invert TFF4 
10 : Clear TFF5 1: Trigger Enable 01: Set TFF4 
11: Don’t care 10 : Clear TFF4 
11: Don’t care 
- PGIT PGOT DB6EN DB4EN 
R/W RW 
0 0 0 0 0 
T45CR | 14, T5 Control 3AH Pat shift PRO shift 
Fix at “0” trigger trigger pe 
0: Timer 0,1 | O: Timer 0, 1 Fnahlé 
1: Timer 5 1: Timer 4 
ne 40H = 
Trego. | {bit Timer | prohinit W 
Register 6L RMW 
) Undefined 
Pm 41H - 
TreGeH | [Obit Timer | prohibit W 
Register 6H RMW 
) Undefined 
teil 42H - 
trea7L | Obit Timer | prohibit W 
Register 7L RMW 
) Undefined 
ae 43H _ 
Trea7H | TbitTimer | prohibit W 
Register 7H RMW 
) Undefined 
Capture 
CAP3L Register 3L 44H R 
Undefined 
Capture 
CAPSH Register 3H SL : 
Undefined 
Capture 
or Register 4L ss 
Undefined 
Capture 
ee Register 4H atl 
Undefined 
CAP3IN CAP34M1 CAP34M0 CLE T5CLK1 T5CLKO 
R/W W 
16bit Timer 5 0 0 0 0 0 0 0 
TOMB a i d aH Capture Timing Source Clock 
Ene 0: Soft- 00 : Disable 1:UC5 00 : Invert TFF6 
Capture 01:716 T T17 7 Clear 01 : Set TFF6 
1: Don’t care 10:T16 TT16 JL Enable 10 : Clear TFF6 
41: TFF1 T TFF1 J 11: Don't care 


TOSHIBA CORPORATION 


167 


TMP96C141 AF 


Timer Control (4/4) 


Symbol Name Address 7 6 5 4 3 2 1 0 
CAP4T6 CAP3T6 EQ7T6 EQ6T6 TFF6C1 TFF6CO 
R/W W 
16bit Timer 5 0 0 0 0 0 0 
TOFFCR | Flip-flop me 00: Invert TFF6 


Control TFF6 Invert Trigger 
0: Trigger Disable 
1: Trigger Enable 


01 : Set TFF6 
10 : Clear TFF6 
11: Don’t care 


(4) Pattern Generator 


Symbol Name Address 7 6 5 4 3 2 1 0 
4CH PGO3 PGO02 PGO1 PGO0 SA03 SA02 SA01 SA00 
PGOREG | PGO Register (Prohibit W R/W 
RMW) 0 0 0 0 Undefined 
4DH PG13 PG12 PG11 PG10 SA13 SA12 SA11 SA10 
PGIREG | PG1 Register (Prohibit W R/W 
RMW) 0 0 0 0 Undefined 
PATI CCW1 PGIM PGITE PATO CCWO PGOM PGOTE 
R/W 
4EH 0 0 0 0 0 0 0 0 
Beate Eee aang a 0 : Normal PG1 trigger 0: Normal PGO trigger 
0 : 8bit write Rotation | 0: 4bit Step | input 0: 8bit write Rotation | 0: 4bit Step | input 
1: 4bit write | 1: Reverse | 1: 8bit Step | enable 1: 4bitwrite | 1: Reverse | 1: 8bit Step | enable 
Rotation 1: Enable Rotation 1: Enable 
(5) Watch Dog Timer 
Symbol Name Address 7 6 5 4 3 2 1 0 
WDTE WDTP1 WDTPO WARM HALTM1 HALTMO RESCR DRVE 
R/W 
1 0 0 0 0 0 0 0 
WD- Watch Dog ; 
MoD | Timer Mode oh 00: 2'6/tc Warming up San TeConned piv 
; 518 00 : RUN Mode internally : 
1: WDT 01: 2'°/tc Time the pin 
520 old 01 : STOP Mode WDT out 
Enable 10: 2°/tc 0:2°"/c . in STOP 
11-22 /f¢ 1-218 /f¢ ee Mee pinta Mode 
; : 11: Don't care Reset Pin 
Watch Dog — 
Timer W 
WER Control sy = 
Register 


B1H : WDT Disable Code 4EH : WDT Clear Code 
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(6) Serial Channel (1/2) 


Symbol Name Address 7 6 5 4 3 2 1 0 
RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO 
Serial TB7 TB6 TBS TB4 TB3 TB2 TB1 TBO 
SCOBUF ) Channel 0 ay R (Receiving)/W (Transmission 
Buffer 
Undefined 
RB8 EVEN PE OERR PERR FERR = = 
R R/W R (Cleared to 0 by reading) R/W 
Serial 0 0 0 0 0 0 0 0 
SCOCR Channel 0 51H 1: Error 
Control Receiving Parity 1: Parity 0: SCLKO 1: Input 
data bit 8 : ae Enable Overrun Parity Framing 1 oie ) i a Pt 
: Even ote 
AS 
TB8 CTSE RXE WU SM1 SMO SC1 SCO 
R/W 
S602 |!taseed 0 0 0 0 0 0 0 0 
MoD Se : at 00 : Unused 00 : T00 Trigger 
Transmission | 1: CTS 1:Receive | 1: Wakeup 01 : UART 7bit 01 : Baud rate generator 
data bit 8 Enable Enable Enable 10: UART 8bit 10: Internal clock @1 
11: UART 9bit 11: Don't care 
= BROCK1 BROCKO BR053 BR052 BRO51 BRO50 
RW R/W 
0 0 0 0 0 0 0 
BAOCR:|), “Pale Bale 53H 
Control 00: @t0  (fc/4) 7 
; Set frequency divisor 
So ys 01: @t2 (fc/16) 
Fix at “O ; 0~F 
1) ae: Coby) (°1" prohibited) 
11-6132 (f0/256) P 
RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO 
Serial TB7 TB6 TB5 TB4 TB3 TB2 TB1 TBO 
ewe manuel me R (Receiving)/W (Transmission 
Buffer 
Undefined 
RB8 EVEN PE OERR PERR FERR SCLKS 10C 
R R/W R (Cleared to 0 by reading) R/W 
0 0 0 0 0 0 0 
Serial ae 
SCICR | Channel 1 55H cial 
; 0: SCLK1 
poe Receiving A d 1: Parity ( SF) 1: Input 
data bit 8 1 Even Enable Overrun Parity Framing 1; 7) SCLK1 pin 
TB8 = RXE WU SM1 SMO SC1 SCO 
R/W 
BCie||| ace 0 0 0 0 0 0 0 0 
MOD oe d a 00 : 1/0 Interface 00 : T00 Trigger 
Transmission Fix at “0” 1:Receive | 1: Wakeup 01 : UART 7bit 01 : Baud rate generator 
data bit 8 Enable Enable 10: UART 8-bit 10: Internal clock 1 
11: UART 9bit 11: Don't care 
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Serial Channel (2/2) 


Symbol Name Address 7 6 5 4 3 2 1 0 
= BR1CK1 BR1CKO BR153 BR152 BR151 BR150 
R/W R/W 
0 0 0 0 0 0 0 
BRICR Baud Rate 57H 
Control 00: gt0  (fc/4) ‘a 
Set frequency divisor 
st sie 01: @t2 (fc/16) 
Fix at “O ; 0~F 
10: @8 (fo/64) ('1" prohibited) 
11 :@132 (fc/256) P 
= ODE1 ODEO 
Special R/W 
ODE Open Drain 58H 0 0 
eu 1: P93 1: P90 
Open-drain} Open-drain 
(7) A/D Converter Control 
Symbol Name Address 7 6 5 4 3 2 1 0 
EOCF ADBF REPET SCAN ADCS ADS ADCH1 ADCHO 
R RW 
AD- A/D Converter 5EH 
MOD Mode reg 0 0 0 0 0 0 0 0 
; 12 1: Repeat 1: Scan 1: Slow ; : 
: End Busy aude mide bode 1: START Analog Input Channel Series 
*1) ADRO1 ADROO 
AD Result 
AD Reg 0 low om : 
REGOL Undefined 1 1 1 1 1 1 
ADRO9 ADRO8 ADRO7 ADRO6 ADRO5 ADR04 ADRO03 ADRO2 
AD Result BIH R 
AD Reg 0 high 
REGOH Undefined 
a ADR11 ADR10 
AD Result 
AD Reg 1 low oat : 
REGIL Undefined 1 1 1 1 1 1 
ADR19 ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12 
AD Result 63H R 
AD Reg 1 high 
REG1H Undefined 
*1) ADR21 ADR20 
AD Result 
AD Reg 2 low on : 
REG2L Undefined 1 1 1 1 1 1 
ADR29 ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22 
AD Result 65H R 
AD Reg 2 high 
REG2H Undefined 
*4) ADR31 ADR30 
AD Result 
AD Reg 3 low pen e 
REGSL Undefined 1 1 1 1 1 1 
ADR39 ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32 
AD AD Result 67H R 
REG3H Reg 3 high 
Undefined 
a3 Data to be stored in A/D Conversion Result Reg Low are the lower 2 bits of the conversion result. The contents of the lower 6 bits of this register are 


always read as “1”. 
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(8) Interrupt Control (1/2) 


| 
INTE- Leas 70H 
OAD oe ary | (Prohibit 

RMW) 


INTerrupt 
INTE45 | Enable an i 
A/S (Prohibit 
RMW) 


{NTerrupt 


7 
INTE67 | Enable ap ‘ 
6/7 (Prohibit 
RMW) 


INTerrupt 
7 
INTET10] Enable aH : 
Timer 1/0 Beer 
RMW) 


INTE- ae 74H 
PW10 Soe (Prohibit 
RMW) 


INT 
errupt 7SH 
INTETS4 | Enable eee 
Treq 5/4 (Prohibit 
9 RMW) 


INTerrupt 


76H 

INTET76| Enable op . 
Treg 7/6 (Prohibit 

g RMW) 


INTerrupt 

INTESO | Enable a 
Serial (Prohibit 
eria RMW) 


INTerrupt 
Enable 
Serial 1 


INTE (Prohibit 


RMW) 


symbol | Name | Address | 7 6 Ts a Ts 2 


Function (Read) Function (Write) 
0 Indicate no interrupt request. Clear interrupt request flag. 


INTAD 


IADC _: IADM2 : IADM1_: IADMO 10C :  10OM2_—: 10OM1 =: ~—=10MO0 


: : 0 : 
I7C_ i} 7M2__ 7M ?_7M0 
RW: WwW 
0 : 0 : 0 : 


RW Ww [SAR Se WS 
Qs 0 20 ee So 0 | 


) 


INTT1 (Timer 1 INTTO (Timer 0 


TiC =: ITIM2—}sIT1M1 ITIMO ITOC =: ITOM2 : ITOM1 : ITOMO 
: 7 
0 : 0 : 0 


INTT3 (Timer 3/PWM1 INTT2 (Timer 2/PWMO. 
IPW1C IPW1M2 IPW1M1 IPW1MO IPWOC IPWOM2 IPWOM1_: IPWOMO 


0 : 


0 : 


0 : 0 : 0 


RW Ww 
0 : 0 : 0 : 0 0 : 0 : 0 : 0 
ITSC : IT5M2 =: =IT5SM1 :) ITSMO IT4C > IT4M2 =: IT4M1 =: IT4M0 


0 : 0 : 0 ; 0 0 : 0 : 0 i 0 
INTTR7 (TREG7 INTTR6 (TREG6 


IT7C =} IT7M2—? so IT7M1—: ss IT7M0 IT6C =: IT6M2 : IT6M1 : IT6MO 


PoRWo w—C—is RC 
0 :. 06  & 0 #+  -9 i 


ITXOM2 ITXOM1 


0 : 0 : 0 : 0 0 ; 0 : 0 ; 0 
INTTX1 INTRX1 


ITX1C ITX1M2 ITX1M1 ITX1MO IRX1C IRX1M2 IRX1M1 IRX1MO 


ITXOMO IRXOC IRXOM2 IRXOM1 IRXOMO 


IxxM0 Function (Write) 


Prohibit interrupt request. 
Set interrupt request level to “1”. 
Set interrupt request level to “2”. 
Set interrupt request level to “3”. 
Set interrupt request level to "4". 
Set interrupt request level to “5”. 
Set interrupt request level to “6”. 
Prohibit interrupt request. 
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Interrupt Control (2/2) 


Symbol Name Address 7 6 5 4 3 2 1 0 
yDMAO start vector 
DMA 0 7CH DMAOV8 | DMAQV7 | DMAOV6 | DAMOV5 | DMAQV4 
DMAOV request (Prohibit 
Vector RMW) W 
0 0 0 0 0 
yDMAY start vector 
DMA 1 7DH DMAOIV8 | DMAIV7 | DMAIV6 | DAMIV5 | DMAtV4 
DMA1V request (Prohibit 
Vector RMW) W 
0 0 0 0 0 
yDMAz? start vector 
DMA 2 7EH DMA2V8 | DMA2V7 | DMA2V6 ] DAM2V5 | DMA2V4 
DMA2V request (Prohibit 
Vector RMW) W 
0 0 0 0 0 
uDMAS start vector 
DMA 3 TH DMA3V8 | DMA3V7 | DMA3V6 ] DAM3V5 | DMA3V4 
DMA3V request (Prohibit 
Vector RMW) W 
0 0 0 0 0 
lOlE OLE NMIREE 
W W W 
0 0 0 
7BH = 
Interrupt Input ae 0: INTO 
lIMC (Prohibit 
Mode Control RMW) 4 -INTO edge 1: Operate 
input mode even at 
1 INTO NMI rise 
enable 
level edge 
mode 
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(9) Chip Select/Wait Controller 
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Symbol Name Address 7 6 5 4 3 2 1 0 
BOE BOSYS BOCAS BOBUS BOW1 BOWO BOC1 BOCO 
W W W W W W W W 
Block 0 
CS/WAIT 68H 0 0 0 0 0 0 0 0 
BOCS (Prohibit 
control RMW) i 00 : 2WAIT 00 : 7FOOH ~ 7FFFH 
register 1:C0S 1: SYSTEM | 0:CSO : 16bit Bus 01: (WAIT 01 : 400000H ~ 
Enable only 1: CASO : bit Bus 10: 1WAIT+n 10 : 800000H ~ 
11: OWAIT 11: COO000H ~ 
BIE BISYS BICAS B1BUS BiW1 BiWo B1C1 B1C0 
W W W W W W W W 
Block 1 
CS/WAIT 69H 0 0 0 0 0 0 0 0 
BiCS (Prohibit ; 
control RMW) = 00 : 2WAIT 00 : 480H ~ 7FFFH 
register 1:C0S 1: SYSTEM | 0:CS1 : 16bit Bus 01: 1WAIT 01 : 400000H ~ 
Enable only 1:CAS1 : bit Bus 10: 1WAIT+n 10 : 800000H ~ 
11: OWAIT 11: COO000H ~ 
B2E B2SYS B2CAS B2BUS B2W1 B2W0 B2C1 B2C0 
W W W W W W W W 
Block 2 
CS/WAIT 6AH 0 0 0 0 0 0 0 0 
B2CS (Prohibit = 
control RMW) __ 00 : 2WAIT 00 : 8000H ~ 
register 1:C0S 1: SYSTEM | 0:CS2 : 16bit Bus 01: (WAIT 01 : 400000H ~ 
Enable only 1: CAS2 : bit Bus 10: 1WAIT+n 10 : 800000H ~ 
11: OWAIT 11: COO000H ~ 
Note 1: After reset, only “Block 2” is set to enable. 


— After reset, the program starts in 16-bit data bus, 2-wait state. 


Note 2: These registers can be accessed only in system mode. 


Note 3: TMP96C141A for internal RAM less is 80H ~ 7FFFH. 
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6. Port Section Equivalent Circuit Diagram 


STOP: This signal becomes active “1” when the hold mode 
e Reading The Circuit Diagram 


setting register is set to the STOP mode and the CPU 


Basically, the gate singles written are the same as executes the HALT instruction. When the drive enable 
; : bit [DRIVE] is set to “1”, however, STP remains at “O”. 

th for the st MOS | IC [74HCXX 

We Or ihesiandar ec MOS ie | on e The input protection resistor ranges from several tens of 

The dedicated signal is described below. Ghote SoveralAUngieds Cneume: 


e PO (ADO ~ AD7), P1 (AD8 ~ 15, A8 ~ 15), P2 (A2 - 23, AO ~7) 


Output Data 
Output Enable 
STOP 


Input Data vo 


RREarE (crea L 
| N-ch | Programmable 
1 Pull Down 


A 


| Resistance 


Input Enable pases eee 7 (only PORT2) 
e P30 (RD), P31 (WR) 
vcc 
Output Data 
OUT 
STOP a 
e P32 ~ 37, P40 ~ 41, P6, P7, P80 ~ 86, P91 ~ 92, P94 ~ 95 
vcc 
Output Data 
weacomcsosen. , Programmable 
VCC : Pull Up 
Output Enable 


Resistance 
STOP 


Input Data ee W 


Input Enable 


VO 
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© P42 (CS2, CAS2) 


vcc 


Output Data 


Output Enable 


STOP 
Input Data gepocnno-pann2 i] 
' Programmable 
' 1 Pull Down 
' 1 Resistance 
InputEnable ‘------77_-- : 
e P5 (ANO ~ 3) 
Analog input 
channel select 
Analog input Input 
Input Data 
Input Enable 
© P87 (INTO) 
vcc 
Output Data 
Output Enable 
sesso se . Programmable 
STOR VCC’ pull Up 
Resistance 


Input Data <—————— fe) 


Schmitt 


e P90 (TXDO), P93 (TXD1) 
vcc 
Output Data 


Open Drain 
Enable 


STOP 


aeacuhacase . Programmable 
VCC Pull Up 
Resistance 

fe) 


Input Data 


Input Enable 
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e NMI 
NMI Sort] Input 
Schmitt 
e WDTOUT 
WDTOUT ————___—_ 9 f>____________1]] our 
e CLK 
vec Vcc 
internal CLK P-ch 
OUT 
STOP m< 
N-ch 
internal reset 
Test circuit 
e EA, AM8/16 
=a Input 
e ALE 
vcc 
P-ch 
internal ALE OUT 
~< N-ch 
e RESET 
100kQ vcc 
i ee ee 
reset Input 
Schmitt 
WDTOUT 
reset enable 
176 
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e X1, X2 


e VREF, AGND 


clock 


oscillator 


STOP 


+t} VREF 


Ladder 
' Resistance 


A/D Converter ae AGND 
GND 
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7. Guidelines and Restrictions 


(1) 
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Special Expression 


@® Explanation of a built-in I/O register: Register 


Symbol <Bit Symbol> 
ex) TRUN <TRUN> °°: Bit TORUN of Register TRUN 


@ Read, Modify and Write Instruction 


An instruction which CPU executes following by one 
instruction. 


1. CPU reads data of the memory. 
2. CPU modifies the data. 
3. CPU writes the data to the same memory. 


ex1) SET 3, (TRUN) °-: set bit3 of TRUN 
ex2) INC1, (100H) increment the data of 100H 


e The representative Read, Modify and Write 
Instruction in the TLCS-900 


SET imm, mem, RES imm, mem 

CHG imm, mem, TSET imm, mem 

INC imm, mem, DEC imm, mem 

RLD A, mem, ADD imm, reg 
@ 1 state 


One cycle clock divided by 2 oscillation frequency is 
called 1 state 


ex) The case of oscillation frequency is 2OMHz. 
Guidelines 

® EA, pin 

Fix these pins VCC or GND unless changing voltage. 
@ Warming-up Counter 


The warming-up counter operates when the STOP 
mode. is released even the system which is used an 


external oscillator. As a result, it takes warming up time 
from inputting the releasing request to outputting the 
system clock. 


@® High Speed p~DMA (DRAM) refresh mode) 


When the bus is released (BUSAK = “O”) for waiting to 
accept the interrupt, DRAM refresh is not performed 
because of the high speed UDMA is generated by an 
interrupt. 


@® Programmable Pull Up/Down Resistance 


The programmable pull up/down resistors can be 
selected ON/OFF by program when they are used as 
the input ports. The case of they are used as the out- 
put ports, they cannot be selected ON/OFF by pro- 
gram. 


© Bus Releasing Function 


Refer to the “Note about the Bus Release” in 3.5 Func- 
tions of Ports because the pin state when the bus is 
released is written. 


© Watch Dog Timer 


When the bus is released, both internal memory and 
internal I/O cannot be accessed. But internal I/O 
cantinues to operate. So, the watch dog timer contin- 
ues to run. Therefore, be carefull about the bus releas- 
ing time and set the detection timer of watch dog 
timer. 


@ Watch Dog Timer 


The watch dog timer starts operation immediately after 
the reset is released. When the watch dog timer is not 
used, set watch dog timer to disable. 


CPU (High SpeeduDMA) 


Only the “LDC cr, r’, “LDC r, cr” instruction can be 
used to access the control register like transfer source 
address register (DMASn) in the CPU. 
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